Google 


This  is  a  digital  copy  of  a  book  that  was  preserved  for  generations  on  Hbrary  shelves  before  it  was  carefully  scanned  by  Google  as  part  of  a  project 

to  make  the  world's  books  discoverable  online. 

It  has  survived  long  enough  for  the  copyright  to  expire  and  the  book  to  enter  the  public  domain.  A  public  domain  book  is  one  that  was  never  subject 

to  copyright  or  whose  legal  copyright  term  has  expired.  Whether  a  book  is  in  the  public  domain  may  vary  country  to  country.  Public  domain  books 

are  our  gateways  to  the  past,  representing  a  wealth  of  history,  culture  and  knowledge  that's  often  difficult  to  discover. 

Marks,  notations  and  other  maiginalia  present  in  the  original  volume  will  appear  in  this  file  -  a  reminder  of  this  book's  long  journey  from  the 

publisher  to  a  library  and  finally  to  you. 

Usage  guidelines 

Google  is  proud  to  partner  with  libraries  to  digitize  public  domain  materials  and  make  them  widely  accessible.  Public  domain  books  belong  to  the 
public  and  we  are  merely  their  custodians.  Nevertheless,  this  work  is  expensive,  so  in  order  to  keep  providing  this  resource,  we  liave  taken  steps  to 
prevent  abuse  by  commercial  parties,  including  placing  technical  restrictions  on  automated  querying. 
We  also  ask  that  you: 

+  Make  non-commercial  use  of  the  files  We  designed  Google  Book  Search  for  use  by  individuals,  and  we  request  that  you  use  these  files  for 
personal,  non-commercial  purposes. 

+  Refrain  fivm  automated  querying  Do  not  send  automated  queries  of  any  sort  to  Google's  system:  If  you  are  conducting  research  on  machine 
translation,  optical  character  recognition  or  other  areas  where  access  to  a  large  amount  of  text  is  helpful,  please  contact  us.  We  encourage  the 
use  of  public  domain  materials  for  these  purposes  and  may  be  able  to  help. 

+  Maintain  attributionTht  GoogXt  "watermark"  you  see  on  each  file  is  essential  for  informing  people  about  this  project  and  helping  them  find 
additional  materials  through  Google  Book  Search.  Please  do  not  remove  it. 

+  Keep  it  legal  Whatever  your  use,  remember  that  you  are  responsible  for  ensuring  that  what  you  are  doing  is  legal.  Do  not  assume  that  just 
because  we  believe  a  book  is  in  the  public  domain  for  users  in  the  United  States,  that  the  work  is  also  in  the  public  domain  for  users  in  other 
countries.  Whether  a  book  is  still  in  copyright  varies  from  country  to  country,  and  we  can't  offer  guidance  on  whether  any  specific  use  of 
any  specific  book  is  allowed.  Please  do  not  assume  that  a  book's  appearance  in  Google  Book  Search  means  it  can  be  used  in  any  manner 
anywhere  in  the  world.  Copyright  infringement  liabili^  can  be  quite  severe. 

About  Google  Book  Search 

Google's  mission  is  to  organize  the  world's  information  and  to  make  it  universally  accessible  and  useful.   Google  Book  Search  helps  readers 
discover  the  world's  books  while  helping  authors  and  publishers  reach  new  audiences.  You  can  search  through  the  full  text  of  this  book  on  the  web 

at|http  :  //books  .  google  .  com/| 


WATERWORKS  HANDBOOK 


WATERWORKS  HANDBOOK 


McGraw-Hill  IkxjkCompaipr 

Electrical  World         TheEngpieeriiig  and>Gnbig  Journal 
Engiaeeriiig  Recx)ixl  Engineering  News 

Raihvay  A^  Gazette  American  Machinist 

Signal  Engineer  American Engneer 

Electric  Railway  Journal  Coal  Age 

Metallurgical  and  Chemical  Engin9ering  Power 


WATERWORKS 
HANDBOOK 


COMPILED  BY 

ALFRED  DOUGLAS  FLINN 

MM    AlIBUCAir    BOCIBTT    CIVIL    BNOINSBBS,     AMKRICAN    WATSR    WORKS    AMOCIATIOK, 
ITBW  BNGLAND  WATBR  WORKB  A860CIATI0N,  BOSTON  BOCIBTT  Of  CIVIL    BNQINBBBS, 
THB  MUNICIPAL  BNGINBBRS   OF  TBB   CTTT   Or   NBW   TORK,    DBPUTT    CHIEF 
BNOIlfBBB,  BOARD  OF  WATBB  SUPPLY,   NBW   TORK 

ROBERT  SPURR  WESTON 

MKMBBR  AMBRICAN  IN8T1TUTB  OF  CONSULTING  BNGINBBRS,  AMBRICAN  BOCIBTT  CIVIL  BNGI- 
NBBRS, NBW    BNGLANB    WATBB  WORKS  ASSOCIATION,  AMBRICAN  WATBB    WORBS 
ASSOCIATION,  BOSTON  SOdXTT  OF  CIVIL  BNGINBBRS,  CANADIAN  SOCIBTT 
OF  CnriL  BNGINBBRS,  ASST.  PROFBSSOR  OF  PUBLIO  HBALTR  BN- 
OINBBBING,   MASS.  INST.  OF  TBCBNOLOGT,  CONSULTING 
SANITART    ENGINBBB,   BOSTON 

AND 

CLINTON  LATHROP  BOGERT 

ASSOC.  MBMBBB  AMBBICAN  SOCIBTT  CIVIL  BNGINBERS:  ASSISTANT  BNGINBBR,  BOABD  OF  WATBR 

SUPPLY,    NBW    YORK 


First  Edition 


McGRAW-HILL  BOOK  COMPANY,  Inc, 

239  WEST  39TH  STREET.    NEW  YORK 


LONDON:  HILL  PUBLISHING  CO.,  Ltd. 

6  ft  8  BOUVERIE  ST.,  E.  C. 
'     1916 


^ 


1    THE  i,lv,'  \z::.: 

PUBLIC  LIDHARY 

739;^44 

AS"^OR,  LFNOX  AND 
TILDPN  FOUN'CA    ICNS 

R  19    6  L 


•  1.  •  it  •     > 
•   •  •   •    •,  ♦ 


•    •  • 


•  •  •  • . 


.  •     •  • 

•  ..... 

•  •   •  . 


cjoptrioht,  1916,  bt  ths 
McGraw-Hill  Book  Company,  Inc. 


THS    lffAl>I, 


XS  •  0    TO 


PA 


PREFACE 

This  book  gives  a  usable  compilation  of  information,  old  and  new,  for  the 
waterworks  engineer  and  superintendent,  the  designer,  constructor,  operator 
and  inspector.  The  materials  have  been  accumulated  by  the  compilers  in  the 
course  of  their  practice  in  various  branches  of  waterworks  engineering.  The 
user  is  assumed  to  have  some  familiarity  with  mathematics,  hydraulics,  the 
natural  sciences  and  waterworks  construction,  operation  and  maintenance, 
and  to  possess  ordinary  mathematical  tables.  For  some  cases,  instead  of  rules 
or  formulas,  data  have  been  given,  from  which  the  engineer  can  make  his  own 
determinations,  exercising  his  judgment  in  accordance  with  local  conditions 
and  other  data  which  he  may  possess.  Mention  of  materials,  apparatus, 
equipment,  methods,  formulas,  persons  or  business  concerns,  does  not  nec- 
essarily imply  approval  by  the  compilers.  Acknowledgment  of  large  indebted- 
ness to  many  persons  is  here  made,  especially  to  John  H.  Gregory,  and 
Thomas  C.  Atwood,  who  read  the  proofs  and  made  numerous  helpful  sug- 
gestions; credit  to  many  others  is  given  throughout  the  text. 

For  convenience  of  reference  the  book  has  been  made  partially  self-indexing 
by  grouping  most  of  the  contents  under  the  following  topics,  naturally  ar- 
ranged: Sources  of  Supply;  Collection  and  Works  Therefor;  Transportation 
by  Aqueducts,  Pipes,  and  Other  Conduits;  Distribution,  Hydrostatics  and 
Hydraulics;  Materials  Much  Used  in  Waterworks;  and  Treatment  by  Filtra- 
tion, Aeration,  Chemicals  and  Other  Means.  Each  topic  is  divided  on  natural 
and  obvious  lines  and  its  divisions  arranged  sequentially.  Material  not  readily 
classified  under  the  above  topics  has  been  assembled  under  the  heading  of 
Miscellany  on  p.  635  et  seq. 

Specifications  (e.g.,  for  water  towers)  have  been  stripped  of  obvious  and 

usual  non-technical  matter  and  minor  words  and  the  substance  packed  into 

little  space.     The  user  will,  of  course,  amplify  and  arrange  in  proper  form 

when   preparing  a  contract.     Much   information   which   will  be  useful  in 

preparing  specifications  has  not  been  so  labelled,  but  has  been  put  into  natural 

places  in  the  text. 

The  Authors 
New  York, 

May,  1916 
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ABBREVIATIONS 


(Other  meanings  given  in  text,  wherever  used.) 


a.  area  or  acre. 
a.-ft.  acre-foot. 

av.  average. 

b.  breadth. 
C.  centigrade. 

c.  coefficient  in  numerous  form- 

ulas (also  C,  c*,  ci,  etc.) 
cu.  ft.  cubic  foot, 
c.f.s.  cubic  feet  per  second, 
e.g.  center  of  gravity, 
c.i.  cast  iron, 
c.l.  center  line,  or  axis, 
cu.yd.  cubic  yard. 

d.  day. 
diam.  diameter, 

deg.  degree. 

E.  modulus  of  elasticity. 

F.  Fahrenheit. 

f.  stress    in    extreme    fibre    of 

beam ;  friction  loss  in  pipes, 
etc. 
f.p.s.  feet  per  second. 

ft.  foot,  feet,  (United  States). 

g.  gravity,  gallon. 

gal.  gallon  (United  States). 
g.p.d.  gallons  per  day  (24  hours). 
g.p.g.  grains  per  gallon, 
g.p.m.  gallons  per  minute, 
gr.  grains. 
g.  or  grm.  grams, 
h.  head, 
hp.  horsepKJwer. 
ht.  hight. 
hr.  hour. 
hyd.  gr.  hydraulic  gradient. 
1.  moment  of  inertia. 
I.  inclination,  slope-gradient, 

friction -head, 
in,  inch  (United  States). 
1.  length. 


lb.  pound  (avoirdupois), 
lb.  sq.  in.  pounds  per  square  inch, 
lin.  linear. 

M.  moment  of  forces, 
m.  meter, 
max.  maximum. 

mi.  mile, 
min.  minimum;  minute  of  time, 
mg.  million    gallons    and    milli- 
grams, 
mgad.  million  gallons  per  acre  daily, 
mgd.  million  gallons  daily, 
mo.  month. 
n.  rugosity  factor,  or  coefficient 
of  roughness. 
T  ratio  of  circumference  of  cir- 
cle   to    diameter     =  3H» 
3.1416,  3.14159265359 
p.  perimeter,    pressure,    wetted 
perimeter, 
p.p.m.  parts  per  million. 

q.  quantity  or  discharge, 
r.  hydraulic  moan  radius,  rad- 
ius, revolutions 
8.  second  of  time,  slope, 
sp.  g.  specific  gravity, 
sq.  ft.  square  foot, 
sq.  in.  square  inch, 
sq.  mi.  square  mile. 

T.  ton    (2000    pounds);  tensUe 

stress, 
t.  thickness,  time. 
T.  sq.  ft.  tons  per  square  foot. 

V.  velocity,  mean  velocity, 
y.  yard;  distance  from   neutral 
axis  of  beam  to  extreme  fibre, 
yr.  year. 

'  foot,  minute,  prime. 
"  inch,  second. 
®  degree. 
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PART  I 

SOURCES  OF  WATER  SUPPLY 


CHAPTER  I 

RAINFALL  OR  PRECIPITATION 

RAIN  GAGES 

Comparison  of  Rain  Gages.  Tests  at  Ithaca,  N.  Y.,  1910,  by  N.  Y«Sta^ 
Water  Supply  Commission,  showed  that  variations  in  registration  by  different 
types  of  rain  gages  are  not  great.  U.  S.  Weather  Bureau  gage  was  assumed  as 
1.000.     (E.  R.,  July  9,  1910.) 


Make 

Value  on  ground 

Value  10  ft.  above  ground 

Smithsonian 

Fuertes 

Dewitt  conical 

1.017 
1.021 
0.984 

1.052 
1.043 
0.966 

Errors.  Cleveland  Abbe  says  that  no  error  of  more  than  1  per  cent,  sys- 
tematically attaches  to  gages  of  ordinary  forms  and  of  diameters  between  4 
and  44  in.  Old  rain  gages,  placed  8  ft.  above  ground,  gave  imiformly  low 
results,  on  account  of:  (1)  Loss  by  evaporation;  (2)  method  of  measuring 
snowfall;  (3)  hight  above  ground.  Rain  gages  should  preferably  have  no 
trees  or  buildings  within  100  ft.  and  should  be  on  open  level  ground,  well 
away  from  the  steep  slope  of  the  hillside.  **A  rain-gage,  the  mouth  of  which 
is  1  ft.  above  the  level  surface  of  the  ground,  will  collect  about  6  per  cent, 
less  water  than  if  its  top  is  at  the  level  of  the  ground"  (Conservation  of 
Water  by  Storage,  G.  F.  Swain). 

Smithsonian  8-in.  gage  has  a  tin  body,  with  a  copper  rim  about  8  in.  in- 
side diameter,  and  a  diaphragm  soldered  to  sides  of  can,  5  in.  below  the  top,  to 
prevent  evaporation.  Rain  passes  through  a  i^-in.  hole  in  the  center  of  dia- 
phragm, which  is  dished  J  in.;  is  poured  out  through  a  ^-in.  opening  in  the  side 
of  the  gage  just  below  the  diaphragm,  and  is  measured  in  a  glass  graduate 
&bout  3f  in.  diam.  and  9f  in.  high,  which  gives  a  multiplication  of  3.75.  This 
8^,  prior  to  1874,  was  placed  only  slightly,  if  any,  above  the  ground  (in  the 
^cinity  of  New  York).  The  Smithsonian  work  was  taken  over  by  the  Signal 
Service  in  1870-74. 
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U.  S.  Weattier  Bureau  Standard  Gage,  Fig.  1,  consUto  of  a  gaivanized-iron 
can,  8  in.  in  di&m.,  and  20  in.  high,  provided  with  a  fimnel-ehaped  top,  tightly 
fitting,  which  has  a  sharply  beveled  brass  rim,  accurately  circular,  so  as  to 
catch  only  the  rainfall  on  a  definite  area.     The  bevel  is  on  the  outside,  so  that 
water  striking  it  does  not  splash  into  the  cau.     The  funnel  has  an  opening 
(madeBroall  to  prevent  evaporation)  into  aninner  vertical  brasscylinder  of  one- 
tenth  the  horizontal  area  of  the  rim  of  the  funnel.     The  wetted  length  of  a 
slender  measuring  rod  graduated  to  tenths  of  an 
inch,  inserted  in  this  brass  cylinder,  measures  10 
times  the  actual  fall;  and  determines  precipita- 
tion to  hundredths.      The  displacement  of  the 
measuring  stick  is  ignored,  as  it  is  small.     The 
brass  cylinder  will  hold  2  in.  of  rainfall,  before  it 
overflows   into  the  annular  space   between  the 
cylinders,  called  the  overflow.     To  measure  this 
overflow,  pour  into  a  convenient  vessel,  and  then 
back  into  the  cylinder. 

Hew  England  Water  Works  Assn.  Rain  Gaga 
consists  of  a  measuring  cylinder,  protected  from 
puncture  during  handling  by  an  outer  cylinder 
with  air  space  between.    This  annular  air  space 
is  topped  with  a  rim  beveled  outward  to  prevent  spatter  into  the  measuring 
cylinder.     The  principle  of  the  apparatus  lies  in  fact  that  area  of  the  meas- 
uring cylinder  (14,85  in.  diam.)  is  such  that  0.01  in,  in  the  cylinder  weighs 
I  oz.     Deducting  tare  from  weight  (any  scales  reading  to  ounces)  gives  rain- 
fall in  hundredths  of  inch. 

Elaborate  recording  gages  should  be  restricted  to  central  stations,  where 
they  can  be  carefully  watched;  they  need  frequent  attention.  Severe  winter 
weather  is  decidedly  against  delicate  long-term  apparatus. 

Automatic  Rain  Gages  are  used  only  where  they  can  be  often  inspected,  as 
they  are  liable  to  derangement.  Friez  and  Queen  gages  operate  by  the  tipping, 
when  filled,  of  asmall  bucket  of  known  capacity;  this  causes  a  pen  to  move  for- 
ward a  definite  distance  on  a  revolving  drum  chart.  Richard  gage  contains  a 
tank  with  capacity  of  0.04  in.  of  rain.     After  this  is  filled,  electric  contact  is 

Table  1.    Automatic  Rain  Gages 


M>m« 

Mak^                      1    Coat     '="'i;^"'' 

Principle  ol 

Diamol 

fuOMl,'il!. 

Fri«  

Marvin 

FlliOwald  , . , . 

J,  P,  Fri«,  Balliinorc,  Md.  . .  »il8.7s' 

J.  P.  Kriei.  Baltimore,  Md.,,| ; 

Flokt  gage 
Tipping  bucket 

I»£n^ 
Spring  balance 

B.3 

::: 

Richard: 

Model  A 

ModdB 

FerguMon 

{n^w  style).' 

Anuiged  Iron 
Co.,  Inc..  1914): 

"American  Sewerage  Practire,"  Vol.  I,  Metcall 

nd  Eddy   IMcG™ 

wHill  Book 
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made,  which  starts  apparatus  operating  a  siphon;  when  tank  is  emptied,  the 
recording  pen  moves  back  to  zero.  JThe  Marvin  type  weighs  the  rain,  deflection 
of  the  balance  beam  making  electrical  contact.*  The  FitzGerald  gage 
operates  on  the  float  gage  principle,  the  rising  water  operating  a  pen. 
Draper  and  Fergusson  gages  contain  a  can  supported  by  a  spring  balance,  the 
depression  of  which  (by  link  motion)  actuates  a  pen. 


RAINFALL  DATA 

The  "Water  Year,"  in  most  regions,  does  not  coincide  with  the  calender 
year;  in  some  it  is  more  appropriate  to  use  the  12  months  beginning  Dec.  1, 
in  others,  beginning  Aug.,  Sept.  or  Oct.  1.  In  northern  latitudes  A.  F.  Meyerf 
uses  for  rainfall  the  12  months  beginning  Nov.  1,  and  for  corresponding  run- 
off the  year  beginning  the  following  Mar.  1. 

Precision. — Rainfall  is  customarily  recorded  to  hundredths  of  inch,  but  this 
degree  of  precision  is  hardly  warranted  in  most  cases  and  the  added  labor  gains 
nothing  in  accuracy,  as  shown  by  Table  2.  Furthermore  the  greater  refine- 
ment is  not  useful  in  practical  engineering  problems.  Column  A  was  computed 
using  2  decimal  places;  column  B  using  only  tenths. 


Table  2. 


Comparison  of  Croton  (N.  Y.),  Monthly  Rainfall  Totals  from  1868 
through  1910,  in  inches,  using  one  and  two  decimals 


1 

A 

B 

1 

A                     B 

1  Jan 

180.99 
178 .  02 
179.02 
151.60 
165 .  93 
155.18 

180.8 
177.8 
179.1 
151.6 
166.0 
155.3 

July 

199.85 
212.95 
180 . 22 
168.74 
164.12 
169 . 15 

199.9 
212.9 
179.9 
168.9 
164.0 
169.4 

1  Feb 

Aue 

I  Mar 

Sept 

1  Apr 

1  May 

Oct 

Nov 

I  June 

Oec 

Total  by  adding 
'    above  

Total,    from 
summing  yearly 
totals 

1 

2105.77 
2105.8 

2105.6 
2105.7 

For  complete  Croton  records, 
see  p.  12. 

Estimating  Precipitation.  A  German  authority  says  all  rain  records  should 
^  increased  25  per  cent,  (probably  an  extreme  view).  Much  faith  should  not 
I*  put  m  most  American  records  previous  to  1880.  One  method  employed 
^  estimating  precipitation  is  to  collect  records  from  near-by  stations 
and  tabulate  by  monthly  and  yearly  averages.  From  a  station  with  a  long 
'^ord  in  the  same  or  a  comparable  region,  find  mean  annual  rainfall  for  the 
year  in  question.  Put  this  in  one  column;  in  the  next  column,  compare  this 
long  term  mean"  with  the  yearly  mean,  expressing  the  ratio  in  percentage. 
Id  case  of  only  one  year's  record  for  any  gage,  a  correction  is  made  according  to 
this  ratio  to  get  the  long  term  mean. 

In  the  absence  of  records  for  a  desired  area,  the  most  logical  guess  is  the 
Diean  of  all  adjacent  records  of  same  date.     Adjacent  localities  sometimes 

'Circular  E,  U.  S.  Weather  Bureau.  t  Trans.  A.  S.  C.  E.,  Vol.  79,  1915,  p.  J063. 
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produce  widely  varying  recorda;  e.g.,  Albany  and  Troy,  7  mi.  apart;  Newark 
and  New  York,  10  mi.  apart.  Records  for  the  same  atorm  at  stations  but  a 
few  miles  apart  often  vary.  Greatest  discrepancies  occur  in  the  montha  of 
thunderstorms. 

Pour  methods  of  arriving  at  a  mean  annual  rainfall:  (1)  Take  the  mean 
of  all  records,  including  broken  ones.  Averaging  by  moDths  allows  this, 
whereas  a  yearly  average  could  be  based  only  on  complete  annual  records. 
(2)  Combine  the  stations  into  groups  equally  distributed.  Determine  the 
mean  for  each  group  and  take  the  average  of  these  means  as  the  average  for 
the  whole  area.  This  ha^  the  advantage  over  No.  1  that  too  much  weight  ia 
not  given  to  any  particular  locality.  (3)  Take  the  mean  of  the  inside  stations, 
and  the  mean  of  the  outside  stations,  of  the  area  considered,  averaging  these 
two  means.  This  method  is  good  when  there  are  a  greater  number  of  outside 
stations,  as  it  gives  more  we^ht  to  the  inside  stations.    (4)  Isohyetal  map. 

Table  3.    Average  and  Extreme  Departures  of  Mean  Rainfall  by  Short  Perjodi 
from  Mean  Determined  by  Very  Long  Periods,  Expressed  in  Per  Cent. 


SMtiOB 

L...^n«i. 

5  yn. 

10  yn. 

-   1    -    1 

Padua 

Klangenfust.. 

Milan 

Croton 

Sudbury 

tSan  Francisco 

Denver 

St  Paul 

New  Orleans* 

176 
88 

100 
43 
36 
61 
30 
74 

/22 

138 

9,6 
9  5 

7,0 

13,0 

12  0 

/  -26,2 

\  +20,8 

20,0 

/  -20,4 

i  +21.6 

,'  -16.8 

1  +24.2 

8.4 
8,1 
6,9 

8,7 

5,1 

-16,4 

+12,3 

/  -11,2 

I  +  6,0 

-13.5 

+20,3 

-15,0 

+  18,4 

2,5 
2,6 

2,7 
5-0 
2,6 

-  8,3 
+  10,8 

-  7,51 
+  2,3) 

-  8  3 
+  9,8 

-  8,5) 
+  14.1/ 

2.4 
2,6 
2,0 
*,5 

-  2.21 
+  7.0; 

-  1,41 
+  2,9/ 

4.0 

PBrMntage  of  Error  in  Record5(Plui  or  Minus) 

,  2. — Probable  error  of  short-time  records. 

>enwDts««  (or  Sen  FrnDciKO.  Denver,  8l,  Paul,  >ni 
(+)  and  de&deDoy  (  — ):  tha  othtn  an  ann<<*- 


Isohyetal  Map.  Procure 
a  scale  map  of  the  locality  to 
be  studied.  Locat«  the  posi- 
tions of  all  rain  gages.  At 
each  gage  mark  its  average 
rainfall.  Averages  should,  if 
possible,  be  taken  for  same 
number  of  years  and  for 
same  period.  Treat  the 
jiroblem  similarly  to  plotting 
contours  on  a  topograph- 
ical map,  drawing  "contours" 
through  points  of  equal  rain- 
fall, using  straight-line  inter- 
polations and  extrapolations, 
where  necessary.    Good,  long- 
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time  records  of  large  number  of  gages  well  distributed  over  the  area  should 
be  available. 

Rendering  Records  Comparable.    Great  djfterenccs  in  records  exist;  the 
following  ia  a  method  of  rendering  them  comparable  suggRStcd  by  Thaddeua 
Merriman:    Any  monthly  rainfall  that  exceeds  twice  the  monthly  mean  is 
excessive  or  unusual,  and  should  be  eliminated,  as  follows:  For  any  month  in 
which  the   rainfall   exceeded 
*  twice  the  monthly  mean,  use 
the  monthly  mean,  unless  the 
rainfall  for  either  the  preced- 
ing or  following  month  was 
less   than   half   its  monthly 
mean,  in  which  case  deduct 
only    the    excess    of    the    1 
month  over  the  deficiency  oj 
the  2  months.    The  value  of 
the  yearly  rainfall  so  deter- 
mined   may    be    called    the 
"mean   annual    dependable" 
rainfall. 

Where    rainfall     stations 
are  widely  separated,   6s  in 
the    Northwestern  States,  it 
is  the  experience  of  the  U.  S. 
Geological  Survey  that  calcu- 
lations are  facilitated  by  .ex- 
pressing each  year's  rainfall  i 
for  any  station  as  a  percent-                              Pere«ntag«  of  Mean 
age   of  the  mean  annual  of     ''"■  ^-     ^^ 
that  station  for  many  years. 
Percentages  of  several  stations  avert^ed  together  for  any  year  convey  an  idea 
of  the  comparative  dryness  in  the  drainage  basin,  without  introducing  an 
error  due  to  local  conditions  at  the  stations.     Results  thus  obtained  are  said 
to  be  satisfactory,  making  averages  for  large  areas  much  more  accurate. 


n  rainfall. 


Table  4.    VarUtion    of  Annual    Rainfall    b;    Decades;    Northeastern   U.  I 
AvBRAOE  FOR  £ach  Decadr,  Inche.') 


Dmde 

Lowell 

Providepc 

New  B«l(..tJ 

B.«tun 

Average 

1832-1840 

38.0 

36.9 

44,3 

41.0 

40  0 

1841-1850 

40.3 

41.2 

1851-1860    ' 

44,1 

43.7 

44.8 

50.1 

45.7 

1861-1870 

45.9 

47.6 

46,3 

57.2 

49  3 

1871-1880 

45.2 

47.8 

46,0 

47.6 

1881-1890    1 

46.5 

49.1 

48,7 

48.5 

48.2 

1891-1900 

44.5 

48.9 

47,7 

45,5 

46,6 

1901-1010    1 

43.0 

41   7 

44.7 

37.4 

•41.7 

From  "MoDthly  WMtbai  Rcvliv."  U.  3.  W.  E 
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In  comparing  rainfalls  at  two  localities  of  short  records,  both  should  be 
reduced  to  a  common  plane  for  comparison  with  long-time  records.  Data  for 
Northeastern  U.  S.  show  that  the  proposition  that  the  rainfall  varies  from  the 
mean  at  the  same  rate  for  all  stations  similarly  located  is  true  72  per  cent,  of 
the  time.    The  smaller  the  area,  the  less  is  the  error. 

Table  6.    Ratio  of  Total  Rainfall  in  Any  Seasonal  Year  (Oct  1— Sept.  80)  to 
Average  Total  Annual  Rainfall  for  a  Long  Series  of  Years 


Station 


B 


D 


E 


H 


Mean 


Minimum . 
Maximum 
Average. . 


Term  of  record . 

No.  of  years 

Mean  rainfall... 
(inches) 


0.67 
1.25 
1.00 


{ 


1855 
1905 
50 
39.9 


0.70 

!  0.70 

0.71 

0.69 

0.75 

0.74 

0.73 

1.53  1  1.70 

1.54  1  1.25 

1.25 

1.40 

1.36 

1.02 

0.99 

1.01  0.99 

1.00 

1.06 

0.99 

1855 

1855 

1855 

1855 

1868 

1855 

1855 

1905 

1905  1905 

1905 

1905 

1905 

1905 

50 

50    45* 

50 

37 

50 

50 

35.9 

38.1 

40.0 

49.3 

48.5 

44.7 

49.0 

0.71 
1.41 
1.01 

1868 
1905 
37 


*  Five  scattering  years  are  missing. 

Stations  (in  or  near  Hudson  drainage  basin)  are  Lansingburg,  Troy  and  Albany,  N.  Y.;  Williams- 
town,  Mass.,  West  Point,  Croton  watershed  and  New  York  City,  N.  Y.;  Newark,  N.  J.,  denoted  by 
columns  A  to  H,  respectively.     Observed  total  annual  precipitation  for  each  year  at  each  station  was 
divided  by  37-yr.  mean.  1868-1905. 

Averaging  Rainfall  on  Watershed.  Average  monthly  and  yearly  rainfalls 
on  Catskill  watersheds,  New  York  City  Water  Works,  are  determined  by  a 
method  of  weights,  each  station  being  weighted  in  proportion  by  percentage 
that  the  area  (generally  a  circle  with  center  at  the  gage)  which  the  gage  is 
considered  to  govern,  is  to  the  area  of  total  watershed.  Weight  X  rainfall 
summed  up  and  divided  by  100  (weight  of  total  water-shed)  =  average  rainfall. 
This  method  gives  results  that  agree  well  with  the  ordinary  method  of  averag- 
ing when  the  rainfall  over  whole  watershed  has  been  fairly  uniform.  Differ- 
ences of  several  tenths  of  an  inch  in  the  two  methods  are  not  uncommon,  but 
are,  as  a  rule,  compensating.  For  heavy  rainfall,  the  weighted  method  ap- 
proaches more  nearly  the  truth. 

Factors  Affecting  Estimates  of  Rainfall.  Usual  pathway  of  storms 
across  the  region  under  consideration  is  an  important  element  in  determining 
the  precipitation  probable  at  a  given  point.  Temperature  is  an  important 
element  affecting  precipitation;  elevation  and  barometric  pressure  have  little 
effect,  except  as  they  affect  temperature.  One  deg.  F.  drop  for  every  300  ft. 
increase  in  elevation,  has  proved  a  reliable  basis  for  estimates.  Owing  to  local 
conditions,  such  as  adjacent  buildings,  Weather  Bureau  records  in  large  cities 
are  particularly  unreliable.  Meteorologists  pretty  thoroughly  agree  that  the 
amount  of  precipitation  on  a  given  area  is  "directly  proportional  to  its  altitude 
and  inversely  proportional  to  its  distance  from  the  ocean  or  other  large  body 
of  water  over  which  the  prevailing  storm  winds  pass.'*  (Kuichling.)  Seaward 
slopes  of  mountain  ranges  which  intercept  moisture-laden  winds  receive 
copious  precipitation,  while  landward  slopes  and  interior  regions  receive  less, 
often  much  less.  (West  coast  of  South  America  is  an  exception.)  In  some 
icalities,  precipitation  on  tops  of  mountains  and  high  wooded  hills  is  greater 
iian  in  adjacent  lowlands. 
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Selected  Long-term  Rain  and  Temperature  Records — Cont'd 


Place 

WACHUSETT  WATERSHED,  Maaa,    Elev.  400  ft.                       1 

Rainfall,  inches 

Mean 

temp.. 

Time 

Totala, 
14  yra. 

Average 

Minimum 

Maximum 

Year 

Amount 

Year 

Amount 

Jan 

Feb 

Mar 

Apr 

May 

June 

July 

Aug 

Sept 

Oct 

Nov 

Dec 

Year... 

53.2 
56.0 
59.5 
55.7 
48.1 

68.2 
59.0 
69.2 

55.0 
46.7 

47.6 
60.8 

659.1 

3.8 
4.0 
4.2 
4.0 
3.4 

4.2 
4.2 
4.2 

3.9 
3.3 

3.4 
4.3 

47.1 

1901 
1901 

1910 
1899 
1905 

1908 
1910 
1907 

1908 
1897 

1902 

1899 

/  1908  \ 

11910/ 

1.8 
1.1 
1.1 
1.9 
0.8 

1.3 
1.5 
1.3 

1.0 
0.9 

0.9 
2.0 

37.8 

1898 
1900 
1899 
1901 
1901 

1903 
1897 
1898 

1907 
1898 

1897 
1901 

1898 

6.6 
8.7 
6.8 
9.6 
7.0 

10.4 
8.6 
10.6 

9.5 

7.2 

7.6 
9.4 

57.9 

24 
23 
34 
45 
67 

65 
71 
68 

62 
51 

38 
27 

47 

Lowest  5  consec.  months,  Sept.,  1908-Jan.,  1909,  10.6. 
Highest  7  consec.  months,  Aug.,  1898-Mar.,  1899,  39.8. 
Extent  of  record,  14  yrs..  1897-1910. 
Lowest  Jan.  temp.,  —16   (13  yrs.). 


Selected  Long-term  Rain  and  Temperature  Records— Cont'd 


Place 


Time 


Jan 

Feb.... 

Mar 

Apr .... 

May 

June 

July.... 

Aug 

Sept.... 

Oct 

Nov  — 

Dec 

Year.. 


ESOPUS  CREEK  WATERSHED,  Catskill  MU..  N.  Y.  (6  to  11  tUUoni).    EleT. 

600-1200 


TotalB, 
9  yrs.,  4 
months 


33.5 

30  9 
35.7 
41.2 

37.0 
32.6 
29.5 

36.4 
46.3 

45.0 
33.7 

36.6 
419.6 


Average 


Rainfall,  inches 


Minimum 


Maximum 


Year 


Amount 


Year 


Amount 


Mean 
temp., 

•F. 
(9  yean) 


3.8 

r 19111 
(1912/ 

2.4 

1910 

7.4 

3.4 

1907 

1.7 

1909 

6.9 

4.0 

1910 

0  9 

1913 

7.7 

4.6 

1907 

2.2 

1910 

9.6 

4.1 

1911 

1.1 

1908 

9.1 

3.6 

1913 

1.1 

1906 

6.2 

3.3 

1913 

1.7 

1908 

6.3 

4.0 

1907 

1.1 

1912 

7.3 

4.6 

1914 

0.6 

1907 

11.2 

4.6 

1910 

1.1 

1911 

7.6 

3.4 

1908 

0.6 

1907 

6.9 

3.6 

1910 

2.2 

1907 

6.6 

46.6 

1914 

39.7 

1912 

60.1 

27 

23 
36 
47 

68 
66 

72 

69 
62 

62 
40 

29 

48 


Lowest  5  consec.  months,  Oct.,  1910-Feb.,  1911,  11.1. 
Highest  7  consec.  months,  Sept.,  1907-Mar.,  1908,  43.2. 

Extent  of  record,  9  yrs.,  4  months,  Oct.  1.  1906-Dec.,  1914,  except  1906  total. 
Mar.,  1915,  averaged  0.26  (0.08  to  0.66)— lowest  rainfall  in  the  10  yrs.  of  Board 
of  Water  Supply  records. 
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Selected  Long-term  Rain  and  Temperature  Records — Cont'd 


PROVIDENCE,  R.  I.    Elev.  160  ft. 


Rainfall,  inches 


Totola, 
79  yean 


Average 


Minimum 


Year 


Amount 


Maximum 


Year 


Amount 


322.3 

305.7 

327.7 

295.8 
289.2 
257.2 


July '    258.6 

Aug '    318.3 


Sept. 

Oct. 
Nov. 


267.5 

287.8 
312.2 

Dec 313.6 

Year...!  3556.0 


4.1 

1843 

0.6 

1891 

8.1 

3.9 

1877 

0.3 

1886 

11.3 

4.1 

1855 

0.8 

1876 

9.8 

3.7 
3.7 
3.3 

1844 
1903 
1832 

0.7 
0.6 
0.3 

1904 
1868 
1842 

9.4 
10.6 
,9.7 

3.3 

/1838\ 
11909/ 

0.6 

1898 

10.3 

4.0 
3.4 

1854 
1855 

0.3 
0.2 

1875 
f  18881 
\  1899 
[1907  J 

> 

8.8 
9.2 

3.6 

4.0 

4.0 

45.0 

1897 
1890 
1875 
1846 

0.5 

0.7 

1.0 

30.5 

1890 
1854 
1901 
1898 

9.2 

9.2 

9.4 

63.5 

Mean 
temp., 

o  p 
(24  yra.) 


31 

31 

36 

44 
53 
62 

68 

69 

64 

55 
45 
37 
50 


Lowest  5  consec.  months,  July-Nov.,  1837,  7.2. 
Highest  7  consec.  months,  Aug.,  1888-Feb.,  1889,  43.0. 
Extent  of  record,  79  yra.,  1832-1910. 
Lowest  Jan.  temp.,  —  8®  (24  yra.). 


Lowest  5  consec.  months,  Sept.,  1837-Jan.,  1838, 
Highest  7  consec.  months,  July,  1830- Ja»i.,  1831, 

,   Extent  of  Record,  100  years,  1814-1913.     Ref.  X. 

19,1914. 
Lowest  Jan.  temperature,  —  7°  (12  yrs.). 


Selected  Long-term  Rain  and  ' 

Femperature  Records — Cont'd 

Place 

NEW  BEDFORD.  Mass. 

Elev.  88  ft. 

Rainfall 

,  inches 
mum 

Mean 
temp., 

o  p 

(12  yra.) 

Time 

Total«. 
100  yra. 

Average 

Mini 

Maximum 

Year           Amount 

Year 

Amount 

Jan.. 

400.6 

4.0 

1839 

0.8 

1836 

9.5 

32 

^eb. 

388.0 

3.9 

1818 

0.9 

1814 

8.3 

31 

Mar 

433.8 

4.3 

1853 

1.3 

1890 

9.8 

41 

Apr 

394.7 

3  9 

1846 

1.2 

1841 

9.3 

50 

May 

396.4 

4.0 

1822 

0.6 

1868 

9.4 

61 

June 

307.3 

3.1 

1912 

0.1 

1862 

8.1 

70 

July 

323.3 

3  2 

1909 

0.7 

1830 

12.0 

76 

Aug 

417.3 

4.2 

1854 

0.2 

1826 

18.7 

73 

Sept 

350.8 

3.5 

18G5 

0.3 

1850 

12.1 

66 

Oct 

393.5 

3.9 

1874 

0.6 

18901 
1913] 
1897 

10.1 

58 

Nov 

424.5 

.  4.2 

1899 

1.1 

9.7 

46 

I>ec 

415.1 

4.2 

1828 

0  4 

1901 

10.0 

36 

Year.. .  . 

4645.4 

46.4 

1846          34 . 5 

1829 

65.-4 

52 

9.4. 
47.5. 
H.  Goodnough,  E.  N.,  Nov. 
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Selected  Long-term  Rain  and  Temperature  Records— Con/'d 


PUoe 


Time 


CROTON  WATERSHED.  N.  Y.     Elev.  200-600  ft. 


Rainfall,  inohea 


Totalfl. 
43  yn. 


ATerage 


Minimum 


Year 


Amount 


Maximum 


Year 


Amount 


Mean 

temp.. 

•F. 

(1912) 


Jan. . 
Feb. 
Mar. 
Apr. 

May 

June 
July. 
Aug. 

Sept. 


Oct.... 

Nov 

Dec... 
Year. 


180.8 

4.2 

1896 

1.1 

1891 

177.8 

4.1 

1901 

0.8 

1900 

179.1 

4.2 

1910 

0.7 

1877 

151.6 

3.5 

1892 

1.1 

1901 

166.0 

3.9 

1887 

0.3 

1868 

155.3 

3.6 

1873 

0.7 

1903 

199.9 

4.6 

1868 

2.1 

1897 

212.9 

5.0 

1899 

0.6 

1898 

179.9 

4.2 

/1881  \ 
11884/ 

0.8 

1882 

168.9 

3.9 

1879 

0.7 

1869 

164.0 

3.8 

1902 

0.9 

1889 

169.4 

3.9 

1892 

1.0 

1901 

2105.7 

49.0 

1880 

36.9 

1901 

9.1 

7.7 
8.1 
8.2 

8.8 

11.3 
12.5 
11.5 

14.6 

9.5 

8.5 

8.8 

63.7 


25 
31 
40 
51 

65 

72 
77 
72 

67 

61 
47 
39 
54 


Lowest  5  consec.  months,  Dec.,  1871-Apr.,  1872,  10.8. 
Highest  7  consec.  months,  Mar.-Sept.,  1901,  46.8. 
Extent  of  record.  43  yrs.,  1868-1910. 


Selected  Long-term  Rain  and  Temperature  Records — ConCd 


Place 


Time 


ALBANY.  N.  Y.      Elev.  85  ft. 


Rainfall,  inches 


ToUU, 
85  yean 


Average 


Minimum 


Maximum 


Year 


Amount 


Year 


Amount 


Mean 

temp.. 

•F. 

(86  yre.) 


Jan '    225.0 


Feb 


Mar. 


Apr. 
May, 
June 
July. 

Aug. 
Sept. 
Oct.. 


Nov 

Dec 

Year. . . 


209.4 

229.8 

230.5 
294.3 
341.4 
352.3 

325.7 
283.2 
287.2 

252.9 

223.2 

3254 . 9 


2.7 

1860 

0.1 

1836 

2.5 
2.7 

/ 1856  \ 
\  1877  / 
/  1855  \ 
1 1910  / 

0.4 
0.5 

1870 
1843 

2.7 
3.5 
4.0 
4.1 

1892 
1903 
1864 
1849 

0.6 
0.2 
0.8 
0.7 

1857 
1833 
1862 
1871 

3.8 
3.3 
3.4 

1854 
1908 
1882 

0.6 
0.6 
0.3 

1871 
1890 
1869 

3.0 

2.6 

38.3 

1908 
1828 
1905 

0.4 

0.2 

27.0 

1830 
1878 
1871 

7.3 
5.2 

7.4 

7.0 
8.5 
8.7 
9.4 

10.6 

8.9 

13.5 

7.3 

6.2 

56.8 


23 
24 

33 

47 
59 
68 
72 

70 
62 
50 

39 
28 

48 


Lowest  5  consec.  months,  Jan.-May,  1860,  5.1. 
Highest  7  consec.  months,  Feb.-Aug.,  1871,  45.3. 
Extent  of  record,  85  yrs..  182^1910. 
Lowest  Jan.  temp.,  —  34'*  (36  yrs.). 
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Selected  Long-term  ftain  and  Temperattire  Records — Cont'd 


PEQUANNOCK  WATERSHED.  Newark,  N.  J. 

Elev.  700  ft.                 1 

1          PUam 

1         rtmCO 

Rainfall,  inches 

Mean 
ten^., 

(20  yrs.) 

Tim* 

Totols. 
19  yra. 

Average 

Minimum 

Maximum 

lime 

Year 

Amount 

Year 

Amount 

Jan 

71.1 

3.7 

1896 

1.8 

1905 

6.9 

27 

Feb 

80.1 

4.2 

1895 

0.2 

1896 

9.3 

26 

Mar. 

76.3 

4.0 

1910 

0.9 

1901 

7.3 

37 

Apr 

May 

79.5 

4.2 

1896 

0.8 

1909 

8.8 

49 

76.0 

4.0 

1903 

0.3 

1908 

7.8 

58 

June 

82.5 

4.3 

1898 

2.1 

1903 

11.0 

65 

July 

90.6 

4.8 

1894 

1.0 

1897 

14.2 

70 

Aug 

90.1 

4.7 

1900 

2.0 

1901 

12.1 

67 

Sept 

88.2 

4.6 

1895 

1.0 

1907 

12.6 

62 

Oct 

83.5 

4.4 

1909 

1.0 

1903 

13.7 

51 

Nov 

61.4 

3.2 

1908 

0.8 

1907 

6.4 

40 

Dec 

74.3 

3.9 

1896 

0.9 

1901 

9.0 

30 

Year. . . 

952.6 

50.1 

1895 

36.7 

1903 

64.8 

49 

Lowest  5  consec.  months,  Oct.,  1900-Feb.,  1901,  11.5. 

Highest  7  consec.  months,  Mar.,  1901-Sept.,  1901;  Sept.,  1907-Mar.,  1908,49.3. 

Extent  of  record,  19  yrs.,  1893-1911. 

Lowest  Jan.  temp.,  —  26**. 


Selected  Long-term  Rain  and  Temperature  Records — Cont'd 


Vltkt^ 



PI 

IILADELFHIA,  Pa.     Elcv.  117  ft. 

C   IBITV 

Rainfall,  inches 

Mean 

temp., 

•F. 

(33  yrs.) 

1 

TimA 

Totals, 
91  yrs. 

Average 

Minimum 

Maximum 

Year 

Amount 

Year 

Amount 

Jan 

298.5 

3.3 

1821 

0.5 

1841 

7.8 

32 

Feb 

Mar 

287.3 
311.6 

3.2 
3.4 

1864 
1910 

0.6 
0.4 

1896 
1859 

6.9 
7.0 

33 
40 

Apr 

* 

302.0 

3.3 

/ 1847  \ 
1 1881  / 

0.6 

1874 

9.8 

51 

May 

337.7 

3.7 

1826 

0.2 

1894 

9.5 

62 

June 

July 

Aug 

337.9 
368.2 
403.5 

3.7 
4.0 
4.4 

1885 
1894 
1821 

0.7 
0.8 
0.4 

1867 
1842 
1867 

11.0 
11.8 
15.8 

71 
76 

74 

Sept 

322.8 

3.5 

/  1846  \ 
11884/ 

0.2 

1882 

12.1 

67 

Oct 

295.7 

3.2 

1892 

0.3 

1833 

10.0 

56 

Nov 

Dec 

Year... 

303.6 

308.0 
3876.6 

3.3 

3.4 
42.6 

/ 1890  \ 

\  1908  f 

1828 

1825 

0.8 

0.3 
29.7 

1846 

1823 
1867 

8.0 

7.4 
61.2 

45 

36 
54 

Lowest  5  consec.  months,  July-Nov.,  1881,  8.1. 
Highest  7  consec.  months,  Feb.-Aug.,  1867,  47.7. 
Extent  of  record,  91  yrs.,  1820-1910. 
Lowest  Jan.  temp.,  —  5**  (38  yrs.). 


WATERWORKS  HANDBOOK 
Selected  Long-tarm  Rain  and  Temperature  Recorda — Cont'd 


PlKB 

BALTIMORE.  Md.    EIbt.  123  (t.                                       | 

RunfKll.  JDohw 

Tim. 

ToWls. 

..™. 

Minimum 

M^xin,™ 

V«,       |An.„uM 

Y«r      I    Amount 

Jim 

Feb 

M.r 

Apr 

June 

My 

Aug 

Sept 

Oct 

Nov 

Dec 

Year. . . 

266.9 
290.3 
344.0 
296.4 
324.6 
332.7 
378.5 

359.2 
324.9 
283  1 

282,1 
306.0 

3789.6 

2.8 
3.1 
3.7 
3,2 
3.5 
3.5 
LO 

3.8 
3,6 
3.0 
3.0 
3.3 
40,3 

r 1825  \ 
\1862/ 
1864 
1910 
/  1847  \ 
1  1865  / 
/  1826  \ 
11866/ 

1853 

f  18641 

ll870/ 

f  18211 

\  1844  / 

1884 

1874 

1870 

1828 

1870 

0.6 
O.I 
0.5 
0.4 
0.2 
0.6 
0.4 

0.3 
0.1 
0.2 
0,3 
0,3 
22.4 

1859 
1820 
1829 
1839 
1858 
1836 
1889 

1817 
1821 
1833 
1852 
1839 
1889 

7.1 
8.2 
9.1 
9. 1 
9.1 
9.2 
11,0 

10.0 
10.7 
7,9 
7,9 

33 
35 
42 
63 
64 
73 
77 

78 
69 
58 
46 
37 
55 

Lowest  5  conacc,  months,  Feb.-June,  1856,  6,6. 
Highest  7  consec.  months,  Mar.-Sept,,  1889,  44.4. 
Extent  of  reconl,  94  yrs„  1817-1910. 
Lowest  Jan.  t«mp.,  ~  6°  (39  yre.). 

Selected  Long-term  Sain  and  Temperature  Records — Cont'd 


Lowest  5  congee,  months,  Aug.-Dec.,  1828,  4.2. 
Highest  7  consec.  months.,  Jan.-July,  1886,  46.4. 
Extent  of  record,  1824-1910. 
Lowest  Jan.  temp.,  —  14°  (38  yrs.). 


RAINFALL 


15 


Selected  Long-term  Rain  and  Temperature  Records — ConVd 


PlAce 

ATLANTA.  Ga.     Elcv.  1174  ft. 

Rainfall,  inches 

Mean 

temp.,  *  F. 

(44  yw.) 

Tune 

Totols, 
47  yn. 

Average 

Minimum 

Maximum 

Year 

Amount 

Year 

Amount 

in 

215.2 

4.7 

1876 

1.2 

1883 

15.8 

42 

Jb 

234.4 

5.1 

/ 1898  \ 

11906/ 

1905 

1896 
1897 
1868 
1881 
1877 

0.6 

1873 

12.0 

45 

!ar 

3r 

ay 

ne 

ly 

ig 

256.7 

184.2 
154.2 
180.3 
190.7 
201.5 

5.6 

4.1 
3.4 
4.0 
4.2 
4.5 

0.9 

0.6 
0.3 
0.5 
0.6 
1.0 

1880 

1874 
1871 
1884 
1887 
1874 

11.9 

10.4 
7.8 
10.7 
14.1 
10.0 

52 

61 
69 
75 
78 
76 

pt 

153.1 

3.4 

/  1884  \ 
\  1897  / 

0.1 

1888 

14.3 

72 

:t 

103.5 

2.3 

/1886\ 
\  1891  / 

0.0 

1868 

8.9 

62 

)V 

&c 

Year . . . 

153.1 
-  214.3 
2213.1 

3.3 

4.6 

49.2 

1890 
1889 
1904 

0.2 

0.6 

33.1 

1880 
1859 
1888 

8.2 
11.2 
65.0 

52 
45 
61 

Lowest  5  consec.  months,  July-Nov.,  1884,  8.1. 

Highest  7  consec.  months,  Sept.,  1880-Mar.,  1881,  52.7. 

Extent  of  record,  47  yrs.,  1859,  1865-1910.     Missing:  Jan.-Oct.,  1865;  Apr. 

r.,  1867,  and  corresponding  totals. 

Lowest  Jan.  temp.,  —  2°  (34  yrs.). 

Selected  Long-term  Rain  and  Temperature  Records — ConVd 


PITTSBURGH,  Pa. 

Elev.  842  ft. 

Place 

Rainfall,  inches 

Mean 
temp.,  •  F. 

Totala, 

71  vrn 

Minimum 

Maximum 

Time 

Average 

-- 

(33  yrs.) 

2.6 

( 

Year 

Amount 

Year 

Amount 

n 

181.1 

' 1851  \ 

, 1859  / 

0.4 

1888 

6.2 

31 

b 

170.5 

2.5 

1841 

0.1 

1887 

6.5 

32 

ar 

205.5 

3.0 

1910 

0.4 

1898 

5.4 

39 

T 

204.5 

3.0 

1849 

0.8 

1852 

9.3 

51 

r 1845  1 

^y 

229.8 

3.4 

4 

1879 
1880 

* 

1.2 

1858 

6.6 

63 

[le 

248.0 

3.7 

1894 

0.6 

1855 

7.6 

71 

Lv 

260.7 

3.9 

/  1894  \ 
11909/ 

1.2 

1887 

9J 

75 

g 

216.3 

3.2 

1894 

0.4 

1864 

8.3 

72 

>t 

194.1 

2.8 

1908 

0.7 

1864 

8.2 

66 

t 

173.7 

2.6 

/  1874  \ 
\  1897  / 

0.1 

1873 

6.2 

55 

y 

172.7 

2.5 

1904 

0.2. 

/  1855  \ 
\  1897  / 

5.1 

43 

c 

200.0 

2.9 

1861 

0.4 

1890 

5.6 

35 

if  ear. . . 

2324.4 

35.8 

1839 

25.3 

1890 

50.6 

53 

lowest  5  consec.  months,  Aug.-Dec,  1908,  6.8. 

lighest  7  consec.  months,  Mar.-Sept.,  1865,  38.3. 

Extent  of  record,  71  yrs.,  1836-1867,  1872-1910.     Missing:  Jan.- July,  1836; 

-Dec.,  1838;  Jan.- Aug.,  1866;  May-Dec.,  1867,  and  corresponding  totals. 

iOwest  Jan.  temp.,  —  12°  (34  yrs.). 


16 


WATERWORKS  HANDBOOK 


Selected  Long-term  Rain  and  Temperature  Records — ConVd 


Place 

CHICAGO,  III.    Elev.  823  ft.                                               | 

Rainfall,  iDches 

1 
Time 

Totala, 
40yr8. 

84.4 
91.1 

100.5 
116.2 

144.5 

139.5 

141.4 

122.7 

123.5 

95.6 

100.6 

83.6 
1341.4 

Average 

Minimum 

Maximum 

Mean 

temp.,  •  F. 

(36  yw.) 

Year 

Amount 

Year 

Amount 

Jan 

Feb 

Mar 

Apr 

May 

June 

July 

Aug 

Sept 

Oct 

Nov 

Dec 

Year . . . 

2.1 

2.3 

2.5 
2.9 

3.6 

3.5 

3.5 

3.1 

3.1 
2.4 
2.5 

2.1 
33.5 

1879 

1877 

1910 
1899 

1897 

1904 
/ 1874  \ 
\  1894  / 

1893 

1891 

1897 

/  1903  \ 

\1904/ 

1896 

1901 

0.5 

0.1 

0.3 
0.1 

0.8 

0.6 

0.6 

0.2 

0.3 
0.2 
0.3 

0.2 
24.5 

1897 

1881 

1877 
1909 

1883 

1892 

1889 

1885 

1894 
1883 
1877 

1895 
1883 

4.5 
6.0 

5.4 

7.7 

7.3 
10.6 

9.6 

11.3 

8.3 
7.4 
6.1 

6.8 
45.9 

24 

25 

35 
46 

57 

66 

72 

71 

65 
53 
39 

29 
49 

Lowest  5  consec.  months, 
Highest  7  consec.  months, 
Extent  of  record,  40  yrs., 
Lowest  Jan.  temp.,  —  20** 


Dec.,  1898-Apr.,  1899, 
May-Nov.   1883,  33.7. 

1871-1910. 
(38  yrs.). 


5.5. 


Selected  Long-term  Rain  and  Temperature  Records — Cont'd 


PUoe 

DETROIT,  Mich.    Elev.  730  ft. 

Rainfall,  inches 

Mean 

temp.,  •  F. 

(33  yn.) 

• 

Time 

Totala, 
40yr8. 

Average 

Minimum 

Maximum 

Ye«r 

Amount 

Year 

Amount 

Jan 

Feb 

Mar 

Apr 

May 

June 

July 

Aug 

Sept 

Oct 

Nov 

Dec 

Year. . . 

80.7 
92.0 

93.9 

92.9 

132.1 

152.2 

140.0 

109.0 

102.3 
92.4 

101.2 

96.0 

1283.9 

2.0 

2.3 

2.3 
2.3 
3.3 
3.8 

3.5 

2.7 

2.6 
2.3 
2.5 
2.4 
32.1 

1902 

1877 

1910 
1899 
1877 
1895 

1877 

/  1889  \ 
\  1894  / 
1877 
1892 
1904 
1900 
1889 

0.6 

0.0 

0.4 
0.5 
0.9 
0.6 

0.0 

0.2 

0.4 
0.3 
0.2 
0.4 
21.1 

1874 
1881 

1876 
1880 
1892 
1892 

1878 

1877 

1902 
1881 
1891 
1878 
1880 

5.0 

6.4 

5.5 
6.2 
7.8 
8.3 

8.8 

7.3 

6.5 
6.6 
5.3 
4.8 
47.7 

24 

25 

33 
45 
58 
68 

72 

69 

63 
52 
39 
29 
43 

Lowest  5  consec.  months,  Sept.,  1874- Jan.,  1875,  5.4. 
Highest  7  consec.  months,  Apr.-Oct.,  1880,  36.5. 
Extent  of  record,  40  yrs.,  1871-1910. 
Lowest  Jan.  temp.,  -  16**  (36  yrs.). 
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Selected  Long-term  Rain  and  Temperature  Records^-Con/'d 


"" 

DULUTH. 

Minn.    Elev.  1133  ft. 

Rainfal 

1,  inches 

Mean 

temp..  ®  F. 

(38  yra.) 

10 

f      Time 

ToUIb. 
40  yiB. 

Average 

Minimum 

Maximum 

Year 

Amount 

Year 

Amount 

/Jan 

39.6 

1.0 

1904 

0.2 

1886 

2.3 

Feb 

40.1 

1.0 

1877 

0.1 

1884 

2.7 

13 

Mar 

69.7 

1.5 

/ 1883  \ 

11910/ 

1873 

1900 

1910 

0.4 

1894 

4.3 

24 

Apr 

May 

June 

82.5 
133.4 
172.5 

2.1 
3.3 
4.3 

0.3 
0.6 
0.1 

1894 
1879 
1874 

5.8 

8.0 

10.9 

39 
48 
58 

July 

Aug 

Sq[»t 

155.6 
138.4 
150.1 

3.9 
3.5 
3.8 

1875 
1878 
1892 

0.5 
0.5 
0.3 

1909 
1889 
1881 

10.8 

7.8 

11.5 

66 
65 
57 

Oct 

104.2 

2.6 

1895 

0.1 

1894 

5.0 

45     • 

Nov 

Dec 

60.7 
48.9 

1.5 
1.2 

1904 
1905 

0.2 
0.1 

1896 
1879 

3.4 
3.9 

29 
17 

Year. . . 

1184.2 

29.5 

1910 

18.1 

1879 

45.3 

39 

Lowest  5  consec.  months,  Jan.-May,  1900,  2.9. 
Highest  7  consec.  months,  May-Nov.,  1879,  36.4. 
Extent  of  record,  40  yrs.,  1871-1910. 
Lowest  Jan.  temp.,  —  41®  (34  yrs.). 


Selected  Long-term  Rain  and  Temperature  Records — Cont'd 


Place 


Time 


ST.  PAUL,  Minn.    Elev.  837  ft. 


Rainfall,  inches 


Totals. 
75  yrs. 


Average 


Minimum 


Maximum 


Year 


Amount 


Year 


Amount 


Mean 

temp.,  •  F. 

(38  yra.) 


66.7 

59.2 

104.4 

176.6 

253.2 
300.5 

262.9 
256.3 
253.5 

156.7 

104.0 

72.9 
2042.8 


0.9 
0.8 
1.4 

2.4 


3 

4, 

3 
3 
3 

2 


4 
1 

5 
4 
4 


1.4 

1.0 
27.6 


• 

0.0 

1881 

4.3 

t 

0.0 

1869 

2.8 

1853 

0.0 

1849 

4.1 

1848 

0.2 

/  1860  \ 
\  1862  / 

5.8 

1900 

0.3 

1906 

10.4 

1863 

0.0 

1874 

11.7 

1894 

0.1 

1838 

11.1 

1894 

0.4 

1849 

9.6 

1882 

0.3 

1869 

10.6 

1853  \ 

1857/ 

0.0 

1900 

7.6 

1848  1 
1904/ 

0.1 

1857 

5.8 

1850 

0.0 

1857 

3.0 

1910 

10.2 

1849 

49.7 

12 
15 
28 

46 

58 
67 

72 
70 
61 

48 

31 

19 
44 


Lowest  5  consec.  months,  Nov.,  1852-Mar.,  1853,  0.4.      ♦  1853,  92,  98. 
Highest  7  consec.  months,  Apr.-Oct.,  1849,  40.7.  t  1846,  53,  54,  64,  77. 

Extent  of  record,  75  jrrs.,  1834-1910.     Missing:  Jan.- June,  and  total,  1836. 
Lowest  Jan.  temp.,  —  41®  (37  yrs.). 
2 
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Selected  Long-term  Rain  and  Temperature  Records — Contact 


Place 

NEW  ORT.KANS,  La.    Elev.  51  ft. 

Rainfall,  inches 

Mean 

Time 

Totals, 
65  yr». 

Average 

Minimum 

Maximum 

temp.,  **  I 
(39  yni.) 

Year 

Amount 

Year 

Amount 

(1862- 190C 

Jan 

Feb 

Mar 

^lay. 

June 

July 

Aug 

Sept 

Oct 

Nov 

Dec 

Year. . . 

289.0 
273.9 

292.7 

291.2 
264.4 

354.1 
415.1 

367.0 

282.9 
210.4 

246.8 

294.5 

3543.8 

4.5 
4.3 

4.6 

4.5 
4.1 

5.4 
6.4 

5.6 

4.4 
3.2 

3.8 

4.5 

55.4 

1840 

1892 

/ 1860  \ 

1 1898  / 

1891 

1898 

1907 
1859 

1884 

1839 
1874 

1903 
1889 
1899 

0.1 
0.0 

0.8 

0.3 
0.0 

1.0 
0.9 

0.9 

0.1 
0.0 

0.2 

0.7 

31.1 

1881 

1875 

1903 

1883 
1873 

1843 
1869 

1888 

1^98 
1869 

1851 
1905 
1875 

11.2 
13.8 

14.6 

14.2 
18.7 

14.6 
15.5 

22.7 

13.9 
13.4 

8.3 
14.4 

85.7 

54 
57 

63 

69 
75 

81 

82 

82 

79 
70 

62 
55 
69 

Lowest  5  consec.  months,  Oct.,  1889-Feb.,  1890,  6.1. 
Highest  7  consec.  months,  Feb.-Aug.,  1888,  63.2. 
Extent  of  record,  65  yrs.:  1836, 1839-1860, 1868, 1870-1910,  except  Jan.-Mar 
and  total,  1868. 

Lowest  Jan.  temp.,  -f  15°  (39  yrs.). 

Selected  Long-term  Rain  and  Temperature  Records — ConVd 


Place 


Time 


DENVER,  Col.    Elev.  5291  ft. 


Rainfall,  inches 


Totals, 
39  yrs. 


Average 


Minimum 


Year 


Amount 


Maximum 


Year 


Amount 


Mean 
temp.,  •  F 
(31  yrs.) 
(1873-1903 


Jan. 
Feb 


Mar. 

Apr. 
May 

June 

July. 

Aug. 

Sept. 

Oct.. 

Nov. 


Dec .... 
Year. 


18.5 
19.3 

39.6 

81.4 
99.2 

56.0 

68.5 

54.3 

38.2 

36.3 

22.2 

23.6 
556.4 


0.5 

• 

0.1 

1883 

2.4 

0.5 

t    ^ 

0.1 

1909 

1.4 

1.0 

• 

1908 

0.1 

/ 1891  \ 
\  1905  / 

3.1 

2.1 

1878 

0.1 

1900 

8.2 

2.5 

1886 

0.1 

1876 

8.6 

1.5 

1890 

0.0 

1882 

5.0 

1.8 

1901 

0.0 

1895 

4.3 

1.4 

1900 

0.1 

1908 

3.2 

1.0 

/1879\ 
1 1892  / 

0.0 

1909 

3.8 

0.9 

1876 

0.1 

1892 

3.9 

0.6 

f 1899  \ 
t 1901  / 

0.0 

1886 

1.9 

0.6 

X 

0.0 

1883 

2.3 

14.3 

1893 

8.5 

1909 

23.0 

29 
32 

39 

48 
57 

67 

72 

71 

63 

51 

39 

33 
51 


Lowest  5  consec.  months,  Sept.,  1879-Jan.,  1880, 

Highest  7  consec.  months,  Mar.-Sept.,  1909,  19.1 

Extent  of  record,  39  yrs.,  1872-1910. 

Lowest  Jan.  temp.,  —  29°  (33  yrs.). 

♦  1873,  78,  88,  93,  1900,  1,  3,  4. 

t  1876,  1901,  6,  8. 

t  1881,  90,  95,  1905,  6. 


1.1. 


RAINFALL 
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Selected  Long-tenn  Rain  and  Temperature  Records — Cont'd 


PUce 

FORT  DAVIS,  Texas.     Elev.  4927  ft. 

Rainfall,  inches 

Mean 
temp.,  **  F. 
(18  yrs.) 

Time 

Totals. 
31-35  yra. 

Average 

Minimum 

Maximum 

Year 

Amount 

Year 

Amount 

Jan 

Feb 

Mar 

Apr 

^^ay 

June 

July 

Aug 

Sept 

Oct 

Nov 

Dec 

Year. . . 

17.8 
16.6 
14.0 

17.4 

34.5 

66.3 

108.2 

122.5 

100.4 

45.7 
18.9 
19.5 

558.1 

0.5 

0.5 
0.4 

0.5 
1.0 
2.0 
3.2 

3.6 

3.0 

1.3 
0.6 
0.6 

18.0 

A 
A 
A 

A 

A 

A 

1903 

1871 

/  1869  ) 
1 1871  / 

A 

A 

A 

1871 

0.0 
0.0 
0.0 

0.0 
0.0 
0.0 
0.2 

0.2 

0.1 

0.0 
0.0 
0.0 

6.8 

1858 
1877 
1905 

1855 
1881 
1873 
1875 

1876 

1887 

1879 

1905 

1874 

/  1875  \ 

1  1876  / 

3.0 
3.5 
2.6 

3.6 
6.3  . 
6.8 
15.4 

10.4 

7.1 

6.2 
3.2 
4.0 

27.7 

44 
48 
54 

62 
69 
74 
75 

73 

68 

61 
50 
45 

60 

Lowest  5  consec.  months,  0.0.  A.  Several  years. 

Highest  7  consec.  months,  Mar.-Sept.,  1875,  25.6. 

Extent  of  record,  1855-1907,  53  yrs.,  omitting  1861-68;  Jan.-May,  and  total, 
1869;  July-Dec.,  and  total,  1891;  1892-1901;  Apr.,  May,  June,  Nov.,  Dec.,  and 
total,  1906;  Jan.,  Apr.,  Nov.,  Dec.,  and  total,  1907. 

Lowest  Jan.  temp.,  —  3°  (16  yrs.). 


Selected  Long-term  Rain  and  Temperature  Records — ConVd 


PUce 

PHOENIX,  Aria.    Elcv.  1108  ft. 

Rainfall,  inches 

Mean 
temp.,  •*  F. 
(1896- 
1903) 

Time 

Totals, 
35  yrs. 

Average 

Minimum 

Maximum 

Year 

Amount 

Year 

Amount 

l_ 

Jan 

Feb 

Mar 

Apr 

May 

June 

July 

^ug 

»Sept 

Oct 

\ov 

Dec 

Year. . . 

26.7 
29.9 

20.6 

12.1 

3.5 

2.6 

31.7 

31.1 
22.6 
11.8 
23.1 

29.2 

237.2 

0.8 

0.9 

0.6 
0.3 
0.1 

0.1 

1.0 

0.9 
0.7 
0.4 
0.7 

0.9 

7.4 

A 
A 

A 
A 
A 

A 

A 

A 
A 
A 
A 

A 

1885 

0.0 
0.0 

0.0 
0.0 
0.0 

0.0 

0.0 

0.0 
0.0 
0.0 
0.0 

0.0 

3.8 

1897 
1905 

1905 
1905 
1893 

1899 

1896 

1881 
1897 
1907 
1905 
r 1883  \ 
\  1889  / 
1905 

3.7 
4.6 

2.4 
2.6 
1.0 

0.8 

4.3 

2.2 
3.7 
2.0 
3.6 

3.4 

19.7 

52 
56 

60 
67 
75 

85 

90 

89 
83 
71 
61 

52 

70 

Lowest  5  consec.  months,  0.0.  A.  Several  years. 

Highest  7  consec.  months,  Dec,  1904-June,  1905,  13.6. 

Extent  of  record,  35  vrs.,   1876-1910.     Missing:  Jan.,  June- Aug.,  and  total, 
1876;  July- Dec.,  and  total,  1887;  Jan.-Mar.,  Oct.,  Dec,  and  total,  1888. 
Lowest  Jan.  temp.,  -f-  12°  (17  yrs.). 
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Selected  Long-term  Rain  and  Temperature  Records — Cont'd 

Place 

LOS  ANGELES,  Cal.    Elev.  338  ft. 

• 

RainXall,  inobee 

1 

Time 

Totals, 
34  yre. 

Average 

Minimum 

Maximum 

Mean 
temp.,  o  F. 

Year 

Amount 

Year 

Amount 

Jan 

"97.9 

3.0 

1904 

0.1 

1890 

7.8 

53 

Feb 

Mar 

96.6 

99.8 

2.9 
3.0 

A 
A 

0.0 
0.0 

1884 
1884 

13.4 
12.4 

54 
56 

Apr 

Nlay 

June 

33.4 

15.6 

2.4 

1.0 
0.5 
0.1 

A 
A 
A 

0.0 
0.0 
0.0 

1880 
1892 
1884 

5.1 
2.1 
1.4 

58 
60 
64 

July 

0.5 

0.1 

A             0.0 

1886 

0.2 

67 

Aug 

1.0 

0.1 

A 

0.0 

1889 

0.3 

69 

Sep 

3.5 

0.1 

A 

0.0 

1908 

1.2 

66 

Oct 

Nov 

Dec 

25.2 

44.4 
98.3 

0.7 
1.3 
2.9 

A 
A 
A 

0.0 
0.0 
0.0 

1889 
1900 
1889 

7.0 

6.5 

15.8 

62 
58 
55 

Year... 

582.4 

17.6 

1898     ,      4.8 

1884 

40.2 

62 

Lowest  5  consec.  months,  0.0.  A.  Several  years. 

Highest  7  consec.  months,  Dec.,  1883-June,  1884,  37.0. 

Extent  of  record,  34  yrs.,  1877-1910.     Missing:  Jan.-Jime,  and  total,  1877. 

Lowest  Jan.  temp.,  -f-  28°  (25  yrs.). 


Selected  Long-term  Rain  and  Temperature  Records — Cont'd 


Place 

SAN  FRANCISCO,  Cal. 

Elev.  155  ft.* 

Rainfall 

,  inches 

Mean 
Temp.,  •  F 

TotalB, 

A1    vra 

Minimum 

Maximum 

Time 

Average 

• 

Year 

Amount 

Year 

Amount 

High 

Lo^ 

Jan 

292.5 

4.8 

1852 

0.6 

1862 

24.4 

73 

29 

Feb 

220.0 

3.6 

1864 

0.0 

1878 

12.5 

80 

33 

Mar 

204.9 

3.4 

1898 

0.2 

1879 

8.8 

80 

33 

Apr 

May 

101.3 

1.7 

A 

0.0 

1880 

10.1 

88 

40 

44.5 

0.7 

A 

0.0 

1883 

3.5 

97 

42 

June 

9.0 

0.1 

A 

0.0 

1884 

2.6 

100 

46 

July 

0.8 

0.0 

A 

0.0 

/  1860  \ 
\  1885  / 

0.2 

93 

47 

Aug 

0.9 

0.0 

A 

0.0 

/ 1858  \ 
1 1864  / 

0.2 

92 

4€ 

Sept 

17.6 

0.3 

A 

0.0 

1904 

5.1 

101 

47 

Oct...... 

60.1 

1.0 

A 

0.0 

1889 

7.3 

94 

41 

Nov 

152.1 

2.5 

A 

0.0 

1885 

11.8 

93 

3i 

Dec 

278.4 

4.6 

1876 

0.0 

1866 

15.2 

72 

34 

Year. .  . 

1381.6 

22.6 

1898 

9.3 

1884 

;i8.8 

57 

Lowest  5  consec.  months,  0.0. 

Highest  7  consec.  months,  Nov.,  1861-Mav,  1862,  49.1. 

Extent  of  record,  61  yrs.,  1850-1910. 

Lowest  Jan.  temp.,  +  29°. 

*  See  also  p.  23. 


A.  Several  yeai 


RAINFALL 

21 

Selected  Long-term  Rain  and  Temperature  Records — ConVd 

SEATTLE,  Wash.    Elev.  123  ft. 

c 

Rainfall,  inches 

Mean 
temp.,  •  F. 

Totals. 
19  yre. 

Average 

Minimum 

Maximum 

9 

Year           Amount 

Year 

Amount 

.    .    .    . 

87.1 

78.7 

4.6 
4.1 

1898           2 . 0 
1903           1.4 

1896 
1902 

7.1 
8.1 

39 
40 

•   •    •    • 

58.4 

3.1 

1906           0.9 

/  1894  \ 

11904/ 

1893 

1893 

1905 

6.2 

'      44 

•  •    •    • 

•  •    •    • 

47.1 
42.0 
27.9 

2.5 
2.2 
1.5 

1906          0.3 
1904           0.3 
1908          0.2 

5.5 
4.3 
3.0 

49 
55 
60 

•    •    •    • 

12.1 

0.6 

r 1896  \        0  0 
\1910/        ^^ 

1894  0.0 
/  1904  \        0  2 

1895  0  0 
1895           2.0 
1901           2.4 
1908         28.2 

1897 

2.4 

63 

.... 

9.1 
36.3 

0.5 
1.9 

1899 
1907 

2.5 
3.4 

63 
58 

r. . . 

52.5 
123.9 

105.3 
680.3 

2.8 
6.5 

5.5 
35.8 

1898 
1896 
1897 

1902 

4.7 

9.5 

11.8 

45.8 

51 
44 
41 

51 

est  5  consec.  months,  Junc-Oct.,  1895,  1.9. 
lest  7  consec.  months,  Oct.,  1893-Apr.,  1894,  37.4. 
;nt  of  record,  19  yrs.,  1892-1910. 
est  Jan.  temp.,  -f  3**. 

ble  7.     Rainfall  and  Run-off,  Southern  California,  near  San  Diego 


ar 


Barrett  THnx  rain  gage. 
Elev.  1700  ft. 


Morena  Dam  rain  gage. 
Elev.  3300  ft. 


Run-off  from  Cottonwood 
water-ehcd  at  Barrett,  250 
sq.    mi.,  in  million   gallons 


Total 


Per  sq.  mi. 


29.9  in. 

34.7  in. 

19,506 

78.0 

12.8  in. 

18.5  in. 

11,080 

44.3 

16.8  in. 

20 . 5  in. 

4,227 

16  9 

24.5  in. 

33.0  in. 

9,414 

37.7 

11.3  in. 

13.9  in. 

5,500 

22.0 

Rainfall  at 

Sweetwater 

Dam,  in. 


Run-off,  in  million 

gallons  from  186 

sq.  mi. 


Total 


Per  sq. 
mi. 


Season 
July  1- 
June  30 


Rainfall  at 

Sweetwater 

Dam,  in. 


Run-off,  in  million 
gallons  from  186 
sq.  mi. 


Total 


Per  sq. 
mu 


18 
19 
K) 
11 
)2 

)3 
)4 
)5 
)6 
)7 
)8 
>9 


13.5 

13 . 5 

12.6 

9.9 


11 

6 

16 

7 


6 
o 

2 
3 


11  0 
7.0 
5.0 


2,302 . 6 
8,250.1 
6,707.9 
7,045 . 9 
2,024 . 8 

5,312.1 

437 . 1 

23,983 . 7 

431.2 

2,251.3 

1.3 

80.0 


12  4 
44.4 

36  1 

37  9 
10.9 

28  G 
2  4 
128  9 
2  3 
12  1 
0  0 
0.4 


1899-00 
1900-01 
1901-02 
1902-03 
1903-04 

1904-05 
1905-00 
1906-07 
1907-08 
1908-09 
1909-10 
1910-11 


5.5 
7.0 
4.9 
5.7 
6.4 

15.5 
15.5 
12.9 
10.5 
11.8 
10.9 
10.0 


5 


0 
270 
0 
0 
0 


4,495.4 
11,434.5 
9,801.0 
1,234.0 
3,910.2 
2,859 . 3 
1,095.8 


0 

1.5 

0 

0 

0 

24.2 
61.5 
52.7 

6  6 
21  0 
15  4 

5.9 


1  in  7  years,  1897-1898  to  1903-1904. 


351.8 


1.9 
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In  southern  California  it  is  necessary  to  stare  enough  wat«r  to  provide 
for  the  consumption  of  from  5  to  7  successive  dry  years.  Run-off  gencr^ 
ally  takes  place  from  Jan.  to  May,  and  the  stream  beds  are  dry  for  the 
remainder  of  the  year,  (M.  M.  O'Shaughnessy,  T,  A,  S.  C.  E.,  Vol,  75,  p- 
29,  1912.) 
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Maiima  Ratea  of  HainfalL  (T.  A.  S.  C.  E.,  Vol.  54,  1905.)  Record  foi 
July  21  and  22, 1894,  al  Boston,  showed  a  downpour  amounting  to  1.08  in.  in 
22  min.,  when  corrected  for  elevation  of  gage,  or  a  rate  of  2.94  in.  per  hr. ; 
and  this  rate  was  maintained  with  almost  absolute  uniformity  for  the  entire 
22  min.  The  rain  of  Aug.  22,  1899,  showed  a  precipitation  of  2.05  in.  in  SO 
min.,  also  unusual  intensities  of  1.05  in.  \>ct  hr.  for  85  min.,  and  4.62  in.  per 
hr.  for  22  min.  But  one  other  storm  having  a  greater  intensity  than  2  in. 
per  hr.  for  60  min.  has  been  registered  by  a  recording  gage  in  eastern  U.  S,, 
that  of  Aug.  3,  1898,  at  Philadelphia,  reported  by  A.  J.  Henry,  U.  S.  Weather 
Bureau,  in  Journal  Western  Soc.  Engrs.,  Apr.,  1899.  It  had  intensities  as 
follows;  7.2  in.  per  hr.  for  5  min.;  5.1  in.  per  hr.  for  15  min.;  4  in.  per  hr.  for 
40  min, ;  3.8  in.  per  hr.  for  70  min. ;  3  in.  per  hr.  for  1 10  min,,  Fig.  5.  On  July 
1,  1915  at  Boston  all  records  for  rain  for  2-hr.  and  5-hr.  periods  were  broken; 
4  to  6  A.  M.,  2.29  in.;  3  to  7  a.  m.,  3.37  in.;  4.5  in.  for  day.*  This  falls 
within  Sherman's  "maximum,"  Fig.  6. 

Relation  between  intensity  and  duration  is  shown  on  Fig.  6.  The  upper 
Boston  curve  represents  the  maximum  intensity  for  any  period,  so  far  as 
it  may  bo  determined  from  records.  Its  equation  h  i  =  38. C4  -i-  f^-*"^  in 
which  i  =  inlciLsity  of  precipitation  in  in,  per  hr.;  (  =  duration  in  minutes. 
No  Boston  records  fall  beyond  this  curve  acid  but  one  Philadelpliia  point, 
that  of  Aug.  3,  1898.     Lower  Boston    curve   represents  the  greatest  iuteo- 
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sity  for  any  period  ordinArily  necessary  to  consider  in  et^^iiteertng  deopi, 
storms  of  greater  intensity  being  of  rare  occurrence.  Its  equation  is  i  - 
25.12  -i-  (• "'.  E.  S.  Dorr's:  i  =  ISO  -i-  {(  +  30),  for  periods  greater  thM 
20  min.,  differs  but  slightly  from  this  curve.  A.  N.  Talbot  has  noted 
that  maxima  rates  of  rainfall  seem  to  be  very  uniform  in  different  parti 
of  the  U.  S.  (east  of  the  Rocky  Mountains),  and  has  deduced  a  maximum 
and  an  ordinary  curve  applicable  to  the  whole  country:  "Maximum"  curve 
(eastern  U.  S.),  i  =  360  +  {(  +  30);  "Ordinary"  curve,  i  -  105  +  ((  +  15). 


0  I  Z  3  *      6      6      10     R     1*  15  a     M     4D     50    60.|i 

Duration  of  Downpour. 

Fio.  5. — Itelationhctwocnintcnaity  and  duration  of  rainfall;  comparison  of  curves. 

(T.  A.  8.  C.  E.,  Vol.  H,  1905.) 

For  ordinary  engineering  design  either  of  the  three  "ordinary"  curves 
would  be  an  heavy  ns  there  would  uaually  be  neceaaity  for  considering.  In  ex- 
treme cases,  such  na  important  spillways  and  culverts,  it  may  be  necessary  to 
consider  rainfalls  aa  heavy  as  Sherman's  "maximum"  curve.  Such  rainfalls 
may  Ijc  expected  once  in  8  or  10  yra.  Such  extreme  raiufalla  as  Talbot's 
"maximum"  curve  (Iwtwcen  5  min.  and  15  hrs.,  beyond  which  this  curve 
gives  too  low  results)  must  be  expected  about  once  a  century. 

Kenneth  Allen  kept  rough  memoranda  of  excessive  rainfalls  for  many  years: 
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of  31  rates  noted,  18  of  which  are  for  Easlern  States,  17  exceed  the  rates  for 
eotreapoading  intervals  by  Talbot's  "maxinium"  curve,  and,  of  the  latter, 
but  6  are  for  periods  less  than  2  hre.  Ratfis  for  shorter  periods  almost 
invariably  fall  within  maximum  Chestnut  Hill  curve. 


From  several  recent  compilations  of  iie»\'y  ruiiif.tlls  of  uniform  intensity, 
relating  to  vicinity  of  Now  York  City,  Emil  Kuichling  adopted  i  =  120  -i- 
((  +  20). 
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Table  10.    Intensity  of  Rainfall  at  San  Francisco 


Dates                                  Rainfall,  in.       |     Duration,  min.        Intensity,  in.  per  hr. 

Dec.  19,  1866 

7.76 
1.97 
2.27 
0.85 
1.20 

1.47 
0.36 
0.19 
0.16 
0.55 

0.14 
0.0? 
0.09 
0.21 
0.17 

0.20 

1,260 
300 
180 
125 
190 

435 

60 

10 

5 

60 

10 
5 
5 

10 
5 

10 
5 
2 

10 
5 

0.37 
0.40 
0.76 
0.41 
0.38 

0.20 
0.36 
1.14 
1.92 
0.55 

0.84 
0.96 
1.08 
1.26 
2.04 

1.20 
1.92 
1.80 
1.38 
2.28     ' 

Dec.  19,  1866 

Dec.  19,  1866 

Dec.  19,  1866 

Dec.  19,  1866 

Dec.  20,  1866 

Jan.  20,  1894 

Jan.  20,  1894 

Jan.  20,  1894 

Nov.  23,  1896 

Nov.  23,  1896 

Nov.  23,  1896 

Oct.  12,  1899 

Feb.  22,  1901 

Feb.  22,  1901 

Oct.  23,  1902 

Oct.  23,  1902 

Jan.  27,  1903 

Feb.  7,  1903 

Feb.  7,  1903 

0.16 
0.06 
0.23 
0.19 

L.  J.  LeConte,  from  data  in  Table  10,  found  that  the  curve  follows  very 
closely  i  =  7  4-  t^-^, 

C.  S.  Burns  has  record  at  Cherry  vale,  Kans.,  where  the  discharge  over  the 
spillway  from  a  small  reservoir  indicated  that  the  rainfall  must  have  been 
much  in  excess  of  i  =  25.12  -r-  t  °  •*^.  The  area  of  this  watershed  was 
1283  acres,  slightly  undulating,  but  comparatively  level;  it  is  estimated  from 
observation  that  the  time  of  concentration  of  the  run-off  from  the  whole 
watershed  was  approximately  2  hrs.  The  measured  run-off  was  approxi- 
mately three  times  theoretical  computed  from  Sherman's  formula. 


Table  11.     Greatest  Rainfalls  of  All  Recorded  Great  Storms  in  New  England 

and  Middle  Atlantic  States* 


Total  precipitation,  in. 

Duration,  hrs. 

2 

0.2 

4 

0.8 

6 

1.9 

8 

3.6 

10 

6.2 

12 

24.0 

14 

46.0 

*  Compiled  from  Htudiea  for  Catskill  aqueduct. 
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Table  12.    Maxima  Rates  of  Rainfall  Authentically  Reported  for  Eastern  U.  S. 


Duration, 
hre.  mm. 


0 
0 
0 
0 
0 

0 
0 
0 
0 
0 

0 
0 

1 
1 
1 

1 

2 
2 
2 
2 

3 

3 

5 

10 

11 

12 
18 
24 
36 

48 

56 


1 
4 
5 
5 
5 

15 
15 
20 
25 
25 

30 
37 

•   * 

10 
15 

50 


20 
30 


20 


Rate,  in. 
per  hr. 


Place 


Date 


I 


16.40 
8.40 
8.16 
8.50 
8.40 

9.20 
9.00 
6.78 
6.00 
5.76 

5.60 
5.80 
4.50 
3.78 
4.02 

2.95 
2.95 
3.00 
2.58 
2.20 

2.15 
2.05 
1.80 
0.75 
0.46 

0.77 
0.82 
0.57 
0.34 
0.25 

0.15 


Boston,  Mass Aug.  1,  1885 

Philadelphia,  Pa Aug.  3,  1898 

Philadelphia,  Pa.  . . . !  Aug.  3,  1898 


Philadelphia,  Pa. 
Boston,  Mass 


Embarras,  Wis. . . . 
Sandusky,  Ohio . . . 
Brattleboro,  Vt, . . 
Kansas  City,  Mo.. 
Indianapolis,  Ind.. 


Sept.  14,  1904. 
July  18,  1884. 


May,  1881 ... 
July,  1879.... 
July  7,  1897.. 
May  12,  1886 
July,  1876.... 


Philadelphia,  Pa. 
Charleston,  S.  C. 


Newark,  N.  J. . . 
Philadelphia,  Pa. 


Wellsboro,  N.  Y. 
Charleston,  S.  C. 


Meridian,  Miss. 

Jewel,  Md 

Mayport,  Fla . . 


Aug.  3,  1898. 
Sept.  4,  1912 


Aug.  24,  1897 
Aug.  3,  1898.. 


May  31,  June  1, 1889 
Sept.  11,  1912 

Apr.  15-16,  1900.... 
July  2^27,  1897 . .  . . 
Sept.  29,  1882 


Reported 
by 


Sherman 
Webster 
Webster 
Webster 
Sherman 

Allen 
Allen  ^ 
Allen 
Allen 
Allen 

Hoxie 

Talbot 

Talbot 

Talbot 

Nipher 

Henry 

Gregory 

Hoxie 

Allen 

Webster 

Talbot 

Talbot 

Hoxie 

Allen 

Gregory 

Allen 

Allen 

Allen 

Hoxie 

Hoxie 

Hoxie 


Table  13. 

Droughts  in  Central  States'*' 

Year 

Days 
duration 

Year 

duration                   ^  ***' 

Days 
duration 

1634 

24 

1715 

46          ; 

1773 

80 

1637 

74 

1728 

61 

1791 

82 

1642 

41 

1730 

92 

1812 

28 

1662 

80 

1741 

72 

1856 

26 

1664 

45 

i       1745     ■ 

72                  1871 

42 

1688 

81           i 

1755 

24           1       1875 

26 

1694 

92 

1763 

133                   1876 

26 

1705 

30           ! 

1764 

108 

•Compiled  by  Iowa  Weather  Service.     Snow  on  Apr.  3,  1915,  ended  a  36-day  drought  at  Boston. 
In  Aug.  and  Sept.  1874,  a  25-day  drought  occurred. 


CHAPTER  II 
EVAPORATION 

Evaporation  is  used  to  denote  both  the  process  of  vaporization  and  the  quan- 
tity of  water  vaporized  and  diffused  into  the  atmosphere  from  land  and  water 
surfaces,  and  frequently  includes  transpiration,  deep  seepage  and  other  losses. 
(A.  F.  Meyer,  Trans.  Am.  Soc.  C.  E.,  Vol.  79,  1915.) 

Owing  to  great  humidity,  evap>oration  while  rain  or  snow  is  falling  is  small. 
Snow  may  remain  on  ground  a  long  time,  and,  as  a  rule,  is  evaporated  to  greater 
degree  than  rain,  especially  during  periods  of  sunshine  and  warm  winds 
following  storms.  Evaporation  from  different  areas  also  differs  greatly; 
from  forest-covered  soils  it  is  relatively  small;  from  open  plains  relatively 
large. 

Eyaporation  depends  on:  (a)  Quantity  of  rainfall.  (5)  Distribution 
of  rainfall,  (c)  Extent  of  the  water  surface,  (d)  Temperature,  (e)  Barometric 
effect,  which  is  slight  outside  of  effect  of  altitude  on  pressure.  A  liquid  may 
exist  at  any  temperature  only  when  the  pressure  upon  it  is  greater  than  the 
pressure  of  its  vapor  at  that  temperature.  Tate  says:  '* Other  things  being 
equal,  the  evaporation  is  nearly  inversely  proportional  to  the  atmospheric 
pressure."  (/)  Mean  daily  atmospheric  pressure,  (g)  Mean  annual  atmos- 
pheric pressure,  (h)  Wind  movement,  (i)  Inclination  and  geological  char- 
acter of  the  watershed,  (j)  Extent  of  forest  area,  including  sprout  land,  (k) 
Extent  of  swampy  and  marshy  land,  (l)  Extent  of  cultivated  land,  (w) 
Humidity,  (n)  Extent  of  watershed.  Temperature  is  one  of  the  most 
important. 

Laws  of  Evaporation.  There  arc  14  general  laws  of  evaporation.  1.  For 
rainfall  distributed  uniformly  throughout  the  year,  evaporation  increases 
proportionally  with  rainfall.  Distribution  in  showers,  downpours,  long  driz- 
zling rains,  and  depths  and  promptness  of  melting  of  snowfalls,  are  important. 
2.  Heavy  winter  snow  and  light  summer  rainfall  together  produce  a  small 
annual  evaporation,  and  conversely.  3.  The  greater  the  watershed,  the 
greater  will  be  the  evaporation.  4.  The  greater  the  area  of  water  surface 
on  the  watershed,  the  greater  will  b.e  the  ovai)oration.  5.  Evaporation  varies 
nearly  inversely  as  the  atmospheric  pressure,  or  nearly  directly  as  the  altitude 
of  the  watershed.  (This  is  questioned  hiy  some  autliorities.)  6.  The  rate  of 
evaporation  is  nearly  proportional  to  the  difference  of  temperatures  indicated 
by  the  wet  bulb  and  the  dry  bulb  thermometers.  7.  The  capacity  of  the  at- 
mospheric air  for  moisture  is  approximately  doubled  for  each  20**  F.  increase 
in  atmospheric  temperature.  From  data  on  Croton,  Pequannock  and  Sudbury 
sheds,  T.  Merriman  deduces  the  law:  For  each  degree  increase  in  temperature, 
"^he  rainfall  evaporated  will  be  iiicreased  by  very  nearly  2  per  cent.  8.  Evapo- 
tion  varies  nearly  directly  as  the  wind  movement.    9.  Evaporation  from  a 
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Table  14.    Evaporation  and  Temperatures  of  Water  Surfaces.    FitzGerald* 


i»«^„..                                 Average    temperature    of 
^^"^^^^                                       water,  deg.,  Fahr. 

Evaporation,  inches 

January 

32.8 
32.4 
36.4 
46.5 

58.6 
67.9 
72.3 
71.3 

65.6 
53.6 
42.8 
34.3 

1.0 
1.0 

1.7 
3.0 

4.5  , 
5.5 
6.0 
5.5 

4.1 
3.2 
2.2 
1.5 
39.2 

February 

March 

April 

May 

June 

July 

AuKUSt 

Seotember 

October 

November 

December 

Total  for  average  year. . . . 

f 

disregarded  so  far  as  influence  on  natural  evaporation  goes.  For  the  correct 
wind  factor,  measure  the  velocity  near  the  water  surface,  not  at  some  distance 
from  it,  nor  far  above  it.    FitzGerald's  complete  formula  for  evaporation  is : 

Eh  =  [0.014(5  -  Fa)  +  0.0012(5  -  Fa)2](l  +  0.67F^) 

The  simpler  formula  is  suflficiently  accurate  for  most  practical  purposes. 

Evaporation  is  influenced  by  the  wind,  as  shown  by  the  following  observa- 
tions: 

Wind  velocity,  mi.  pcr*hr 0         5  10  15  20  25  30 

Relative  evaporation  observed 1.0  2.2  3.8  4.9  5.7  6.1  6.3 

Relative  evaporation  computed  by  Fitz- 
Gerald's formua 1.0  2.8  3.7  4.4  5.0  5.6  6.2 

Wind  Factor.  Sec  paragraph  above  for  FitzGerald's.  Russel  found  (1  + 
7/4),  for  velocities  up  to  15  or  20  mi.  per  hr.;  Bigelow,  (1  +  F/U);  A.  F. 
Meyer  uses  (1  +  V/10).  Wind  velocities,  as  recorded  by  the  Weather  Bureau 
(see  Table  209,  p.  627)  are  those  about  30  ft.  above  the  ground  and  are 
about  3  times  more  than  those  at  the  surface. 

U.  S.  Weather  Bureau  Formula,  f  Observations  by  the  U.  S.  Weather 
Bureau  at  Reno,  Nev.,  Aug.  1  to  Sept.  15,  1907,  show  that  the  locations  of 
the  pans  relative  to  the  water  of  the  reservoir  are  important  in  measuring 
total  evaporation.  Readings  on  pans  distant  from  a  reservoir  cannot  be 
transferred  to  the  water  surface  without  the  utmost  caution. 

Study  of  observations  at  Abbassia,  Boston,  Fort  Collins  and  Nakuss 
showed  the  constants  of  Dal  ton's  evaporation  formula  .to  be  very  incon- 
sistent; it  was  inferred  therefore  that  the  formula  is  not  satisfactory.     The 

following  formula,  based  on  observations,  is  proposed : 

de 
Ek  =  Cf{h)E^^  (1  -f  Aw) 

(^fW    =  a  variable,  a  function  of  the  hight  of  pan. 

*  Based  on  expcrimenta  at  Chestnut  Hill  reservoir,  Boston,  1875-1890.  The  table  above  and 
other  experiments  indicate  that  each  9°  F.  change  in  water  temperature  corresponds  to  al>out  1  in. 

Spr  month  of  change  in  amount  of  evaporation.     Rate  of  evaporation  was  measured  at  4  plaoea  in 
laine  by  U.  S.  Geol.  Survey,  July  1.  1905  to  Nov.  7,  1908  (Water  Supply  Paper  #279).      Th« 
annual  evaporation  was  substantially  26  in. 
t  Monthly  Weather  Review,  Feb.,  1908. 
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the  given  watershed.  This  coefficient  ranges  from  about  0.95  to  1^  for  most 
watersheds  of  the  Northwest,  and  for  similar  ones  elsewhere.  The  coefficient  to  be 
used  depends  on  topography,  vegetal  cover,  soil,  suhsoiU  humidity,  and  wind.  An 
extremely  high  coefficient  of  evaporation  would  resul  t  from  flat  topography  devoid 
of  vegetation,  moderately  per\'ious,  shallow  soil  underlain  with  impervious  subsoil 
or  rock,  low  humidity,  and  high  wind  velocity.  An  extremely  low  coefficient  would 
result  from  rugged  topography,  bare  scant}'  soil  underlain  with  rock,  high  ha- 
'  midity,  and  low  wind  velocity." 

Lowcock's  Formula.  S.  R.  Lowcock,  in  a  paper  before  the  En^ish  Associa- 
tion of  Water  Engineers,^  concludes  that  there  is  no  definite  relation  between 
evaporation  and  rainfall,  although  many  investigators  prior  to  1875  expressed 
evaporation  in  terms  of  rainfall.  A  small  body  of  water  conforms  more 
nearly  to  air  temperature  than  does  a  large  one;  therefore  laboratory  experi- 
ments with  small  vessels  lead  to  errors.  In  the  Netherlands  it  was  proved 
that  the  maximum  rainfall  and  maximum  evaporation  rarely  coincided. 
Twenty-years'  records  at  Camden  Square  indicated  a  relation  between 
evaporation  and  sunshine.  It  was  also  shown  that  rainfall  and  evaporation 
bore  no  inverse  relationship.  Barometric  pressure  and  wind  velocity  have  a 
negligible  effect.  From  4-year  records,  the  following  formula  gives  results 
within  8  per  cent.,  being  high  for  summer  and  low  for  winter:  Evaporation 
(in.  per  month)  =  mean  maximum  sunshine  temperature  in  deg.  F.  X  duration 
of  sunshine  in  hours  X  0.0001254.  The  factor  is  probably  only  true  for  Eng- 
land and  places  of  similar  latitude  and  temperature.  Tank  records  are  on 
the  safe  side.  FitzGcrald's  tests  with  a  tank  at  Chestnut  Hill  reservoir, 
Boston,  support  the  contention  that  radiant  heat  has  a  far  gpreater  effect  on 
evaporation  than  heat  transmitted  by  contact. 

Dalton's  Formula,  t  Evaporation  from  the  free  surface  of  water  is  given  by 
the  following  equation  by  Dalton: 

Et,  =   1.80  XcX  S  (^-y^ 

where  c  =  empirical  constant  which  depends  on  the  air  circidation  over  At 
water. 

S  =  maximum  tension  of  water  vapor  at  the  temperature  of  the  evapo- 
rating water,  in.  of  mercury. 

d  =  relative  humidity  of  atmosphere  to  water  vapor. 

h  =  reading  of  barometer,  in.  of  mercur}'. 

For  quiet  air,  c  =  0.55;  for  moderately  agitated  air,  c  =  0.71 ;  for  heavy  wind, 
c  =  0.86. 

Maxima  tensions,  S,  of  water  vapor  for  different  temperatures  are  given 
in  Table  17,  page  37.  \  For  moderately  agitated  air  at  temperature  of  50^  F., 
and  with  barometer  at  20.53  in.,  and  with  60 per  cent,  relative  humidity  in  the 

air,  Ek  =  1.80  X  0.71  X  0.30  (^39  53^)  "  ^'^^^  "^-  P^^  ^'■• 

LucRcr  assumes  for  the  dry  period  an  average  evaporation  of  0.1 6 to 0.39  in. 
per  day,  accordirip:  to  cliniato.  Other  observers  have  found  that  in  the 
temperate  zone,  with  a  yearly  average  temperature  of  50®  F.,  the  yearly 

•Surveyor.  Dec.  24,  1009. 

t  Kdnig:  WaBScrleitungcn  und  Was.sprwcrke,  1907,  p.  228. 
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Vaiiation  in  Vaited  States.    -Evaporation  in  the  U.  S.  varies  from  18 
over  100  in.,  aanuiUly,  beiag  greatest  in  the  arid  regions,  and  least  at  Iii 


altitudes  in  Iho  north.  From  tents,  V.  H.  \V.  H.  concludes  that  if  evaporali 
from  a  largp  water  surface  is  1,  tliat  from  a  pan  of  2  ft.  diam.  is  at  M 
of  1.75;  diam.  4.5  ft.,  rate  1.50;  diam.  6  ft,,  rate  1.30. 
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TRASSPOUiJlOS 

Tmispintion  denotes  the  water  vbich  escapes  as  rapor  from  the  stomata  of 
leaves,  and  the  process  by  which  such  loss  of  moisture  takes  place.  "Hygro- 
scopic water,"  that  is,  the  water  retained  in  the  v^etable  substance  produced, 
is  inconsequential. 

Transpiiatioa  Curve.  Base  values  for  total  transpiration,  in  inches  of 
depth,  during  the  growing  Bcason  on  any  gi\-en  watershed,  are  selected  with 
reference  to  character  of  vegetation  and  length  of  growing  season,  giving 
consideration  also  to  available  sunshine.  A  normal  seasonal  transpiration  of 
about  9  in,  has  been  assumed  for  small  grains,  grasses,  and  other  agricultural 
crops,  8  in.  for  deciduous  trees,  4  in.  for  evergreen  trees,  and  6  in.  for  small 
trees  and  brush.  Normal  monthly  distribution  of  this  total  seasonal  transpira- 
tion is  based  mainly  on  temperature.     To  obtain  actual  transpiration  in  any 


given  month,  values  from  the  transpiration  curve,  after  being  multiplied  by  a 
coefficient,  must  be  further  modified  on  the  basis  of  available  moisture.  Where 
precipitation  minus  evaporation  for  a  given  month  ia  insufficient  to  meet  nor- 
mal plant  requirements,  the  ground  water  is  drawn  on  to  a  varying  extent, 
depending  on  character  of  root  system,  depth  and  character  of  soil,  and  quan- 
tity of  surface  soil  storage,  as  determined  by  precipitation  minus  losses  for 
previous  months.* 


Table  19. 

Examples  of  Results  from  Transpiration  Curve  (^.  10) 

Nume  of  wmtw- 

Year 

.ss=^. ::  -"ir- 

Yw 

inn^iruion.  off 

Litlli-Fork 

a.rS;;-:::: 

MinnHuti 

1 

1907 

i9ua 

51 

\.S.  C.  li„Vul,  79.  19ia. 
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Table  20.    Eyaporation  (Transpiration)  from  Various  Kinds  of  Vegetation 

(Harrington) 


Vegetation 

Proportion  of  evaporation 

from  free  water 

surface 

Proportion  of  predpitation* 

Sod 

1.92 
1.73 
1.51 

0.96 
0.86 
0.75 

Cereals 

Forest 

Mixed 

1.44                                    0.72 
0.60                  1                  0.30 

Bare  soil 

!                                                                               1 

"Warm  seMon,  May  to  Sept. 
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CHAPTER  III 
RUN-OFF  AND  STREAM-FLOW 

Run-off  and  Yield.  The  run-off  from  a  watershed  is  water  that  flows  in 
streams  which  drain  the  watershed.  Yield  is  the  collectible  portion  of  the 
rain  falling  on  a  watershed,  gathered  in  surface  or  underground  channels. 
A  watershed  covered  with  loose  gravel  and  sand  will  generally  show  a  greater 
yield  than  one  with  a  clay  cover,  as  the  rainfall  sinks  into  the  porous  material 
and  is  largely  protected  against  evaporation  until  it  drains  into  the  streams. 

Factors  that  modify  or  control  run-off*  are  numerous  and  vary  widdy  in 
different  regions.  A  number  are  given  below.  Of  some  the  effects  are  indi- 
cated; of  others  they  will  be  obvious  after  a  little  thought.  Some  factors 
mentioned  do  not  apply  to  small  watersheds.  On  very  large  watersheds,  th^e 
may  be  some  counterbalancing  of  effects. 

1.  Precipitation,  (a)  Rain  or  snow.  (6)  Amount  of  each,  and  the  total 
annual  precipitation,  (c)  Distribution  throughout  the  year,  (d)  Intensity 
or  manner  of  occurrence,  (e)  The  character,  direction,  extent  and  duration 
of  storms. 

2.  Temperature,  (a)  Variations  on  the  area  of  watershed.  (6)  Rela- 
tion of  extreme  temperatures  to  the  occurrence  of  precipitation,  (c)  Ac- 
cumulation of  snow  and  ice  caused  by  low  temperature,  (d)  Occurrence  of 
low  temperature  causing  the  freezing  of  the  ground  at  times  of  heavy  rains, 
resulting  in  excessive  run-off. 

3.  Topography,  (a)  Level,  or  degree  of  inclination.  (6)  Character  of  the 
area,  whether  smooth  or  rough. 

4.  Oeology.  (a)  Pervious  or  Impervious.  (6)  If  pervious,  whether  such 
pervious  deposits  are  (1)  shallow  or  deep;  (2)  level  or  inclined;  and  whether 
the  outlet  or  point  of  discharge  of  the  pervious  deposits  are  (3)  in  the  lower 
valley  of  the  same  river,  or  (4)  in  valleys  of  other  rivers  or  in  the  sea.  (c) 
Condition  of  the  channel  of  stream,  whether  (1)  pervious  or  impervious;  (2) 
whether  the  bed  contains  more  or  less  extensive  deposits  of  sand  and  gravel, 
permitting  development  of  more  or  less  extensive  underflow. 

5.  Condition  of  the  Surface,  (a)  Extent  of  vegetation.  (6)  Extent  of 
cultivated  areas,  (c)  Nature  of  vegetation — whether  grass-land,  orope  or 
forests. 

6.  Natural  Storage,  (a)  Nature  and  extent  of  surface  storage — lakes, 
ponds,  marshes  and  swamps.  (6)  Nature  and  extent  of  groimd  storage,  in 
gravel,  sand  and  other  pervious  deposits. 

7.  Geography,  (a)  Size.  (6)  Shape — long  and  narrow,  or  short  and  broad, 
(c)  Location  relative  to  prevailing  winds,  {d)  Direction  relative  to  path  of 
storms,    (e)  Relation  to  mountains.    (/)  Distance  from  the  ooean  or  other 

*  Bull  420,  1011,  Univ.  of  Wiaoonnn.  D.  W.  Mead.     (StighUy  modified.) 
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say  850,000.    The  year  of  maximum  yield,  1901,  averaged  1,693,000.    Cal- 
endar years  are  referred  to  in  this  paragraph. 

ft 

Formulas  for  run-off: 

Fanning:  Q  =  200  (D^)l. 
Ryves:     Q  =  C{D^)l  (India). 
Dickens:  Q  =  C(D^)l 
where  Dm  =  catchment  area  in  sq.  mi. 

Q  =  discharge  in  sec.  ft. 

C  =  coeflBcient. 

In  regions  of  maximum  recorded  rainfall  of  3  in.  to  6  in.  in  24  hrs.  coeffi- 
cient C  is: 

Dickens  Ryves 

Flat  country 200  400to500 

Mixed  country 250 

Hilly  country 300 

Maximum  rainfall 300  to  350  650 

Stream-flow  in  Average  Year.  Fig.  1 1  illustrates  a  method  which  may  be 
applied  somewhat  generally.  This  mean  line  was  drawn  in  connection  with  a 
study  of  Housatonic  and  Ten  Mile  rivers  in  western  Connecticut.  To  prepare 
a  similar  diagram,  compile  from  records  of  streams  resembling  the  one  to  be 
studied  a  table  of  run-o£fs  in  c.f.s.  per  sq.  m*.  of  watershed  by  months  for 
several  calendar  years,  rejecting  those  for  abnormal  precipitation.  The 
longer  the  records  the  better.  For  each  calendar  year  pick  out  the  month  of 
least  run-off,  and  get  the  average  for  all  the  years.  Similarly,  pick  out  second 
driest  month,  third  driest,  and  so  on,  and  get  averages.  From  these  averages 
plot  a  curve  for  each  stream  of  record  and  then  draw  the  mean  line. 

Length  of  Record  Necessary  for  Determining  Stream-flow.  By  study  of 
long  records  for  various  streams  in  U.  S.,  Hydrographer  J.  C.  Hoyt,  of  Geo- 
logical Survey,  concludes:  (1)  Values  for  1  yr.  vary  so  much  from  the 
grand  mean  that  estimates  based  thereon  are  liable  to  be  in  great  error;  (2) 
while  5-yr.  period  in  majority  of  cases  gives  values  within  10  per  cent,  of  the 
grand  mean,  there  are  i>oriods  when  the  difference  may  be  even  20  or  30  per  cent., 
probability  of  5->t.  period  comprising  both  a  year  of  average  low  and  a  year 
of  average  high  water  is  small;  (3)  lO-yr.  period  with  few  exceptions  gives  values 
within  less  than  10  per  cent,  of  the  grand  mean;  furthermore,  there  occur  in 
practically  each  lO-yr.  group  a  year  of  average  low  and  one  of  average  high 
water;  while  this  low  and  high  may  not  be  extreme,  they  give  conditions 
to  be  expected  except  in  abnormal  years,  which  as  a  rule  occur  only  onee 
in  many  years.  These  deductions  do  not  hold  for  streams  in  arid  and  semi-arid 
regions,  where  range  is  very  great  from  year  to  year.     E.  N.,  Apr.  23,  1908. 

The  average  run-off  of  Croion  river  for  40  jts.,  1868  to  1907,  was  400  mgd.; 
from  1809  to  1880,  18  yrs.,  flow  averaged  346  mgd.;  and  for  the  next  18  jrrs., 
449  mgd.  This  shows  the  futility  of  attempting  to  use  even  reasonably  long 
run-off  records  (5  to  15  yrs.)  as  a  basis  for  computing  the  safe  yield  of  a  water- 
shed, unless  these  records  are  compared  with  longer  ones  of  similar  watersheds. 
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Table  31.     Rnn-oS  of  Croton  Watershed,  June  to  Dec.  each  Tear,  1868-1910, 
Compared  with  Total  for  Same  Years;  also  with  Rainfall 


Lowatt  mouth,  Sept..  ISai: 


t  High  and  Low  Predpltatioo.t 


DninmiD  nm 

P«i«l 

pr^piUtion 

s 

PncHit. 

Highest  4  yra: 
Lowest   4  yra .  . 

54.8 

38.7 

29,3 
17.1 

93.7 
44.2 

Difference, . . 

15.8 

12.2 

77.0 

Highest  6  yra.  . 
Lowest  6  yre , . 

55.2 
30.4 

29,1 
13,5 

62.7 
37.2 

DifTereoce . . . 

18.8 

15.6 

82.9 

Croton  (N.  Y.) 

Highest  6  yrs.. 
Lowest  6ytB. . 

59.4 
40.6 

31.9 
18.5 

53.7 
45.6 

Difference..  . 

18.8 

13.4 

71.3 

Aver.    Perkiomen,    Neoham- 
iny,  and  Tohickon  (Penna.) 

Highest  4  yra.. 
Lowest  4  yra . , 

55.0 
42.3 

29.2 
19.5 

S3.0 
46.0 

Difference .  .  . 

12.7 

9.7 

76-2 

Highest  20  yrs 
Lowest   20  yrs. 

56.3 
39,3 

30.0 
16.9 

63.3 
43.1 

Difference... 

17.0 

13.1 

77.0t 

T.  W.  A.,  tOU.     :  Obluned  by  diTidlsf  13.1  br  17.0,  ■! 
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6.  At  St.  Croix  FalLs,  Wis.;  undulating,  thickly  covered  with  glacial  drift;  no 
marshes,  numerous  lakes,  good  ground  storage;  elevations  along  river  750  to  1000 
ft. ;  slope  of  river  2.5  ft.  per  mi. 

7.  At  Wheeling,  W.  Va.;  northeastern  portion  rolling  and  hilly,  remainder 
mountainous;  shallow  soil;  slope  along  Allegheny  river  6.5  ft.  per  mi.;  heavy  snow 
and  thick  ice  common  in  Allegheny  oasin,  but  winters  are  less  severe  in  upper 
Monongahela  valley. 

8.  At  Point  Pleasant,  southeastern  Pa.;  slopes  steep;  }  of  area  cultivated; 
i  wooded  and  untiUable :  slope  of  creek  20  ft.  per  mile. 

9.  At  Cartersville,  Va. ;  upper  portion  of  watershed  mountainous  and  wooded, 
elevations  up  to  4000  ft.;  remainder  is  rolling  plateau.     (See  also  p.  60.) 

10.  At  Roanoke.  Va.:  rugged  with  steep  slopes  along  river;  elevations  up  to 
3000  ft.;  soil  scant;  little  land  cultivated.     (See  silso  p.  62.) 

11.  At  Columbus.  Miss.;  flat  country;  streams  have  gentle  uniform  slope; 
i  cultivated,  remainder  heavily  forested;  deep  soil,  heavy  loam;  humidity  not 
much  higher  than  in  Northwest;  average  annual  snowfall  4  in. 

12.  At  Austin,  Tex.;  comparatively  flat,  but  slopes  pronounced;  timber  along 
streams  and  at  higher  elevations;  soil  deep  and  not  sandy;  humidity  and  wind  differ 
but  slightly  from  those  in  Northwest. 

13  to  15.  At  Red  Bluff,  Cal.;  about  }  covered  with  timber,  remainder  mostly 
grass  land;  scant  soil  cover  over  lava;  most  of  precipitation,  especially  at  head- 
waters, is  snow;  elevations  mostly  3000  to  5000  ft. ;  mam  portion  of  discharge  comes 
from  Pit  river  basin,  which  is  relatively  flat  and  largely  pasture  land. 

Flood  Flows.  For  list  giving  flood  flows  in  cu.  ft.  per  sec.  (averaged  over 
24  hrs.),  catchment  area  and  duration  of  record,  see  paper  by  Weston  E.  Fuller, 
T.  A.  S.  C.  E.,  Vol.  77,  1914,  p.  664.  In  1901  report  on  Barge  Canal,  New 
York  State,  Emil  Kuichling  epitomizes  formulas  proposed  for  obtaining  maxi- 
mum flood  flows. 

Unusual  Streamflow  in  the  Southern  States.  Widespread  floods  in  the 
Southern  States,  May  and  June,  1901,  were  reported  to  the  U.  S.  (jreologicai 
Survey*  by  E.  W.  Myers.  Six  days  subsequent  to  May  17,  4.49  in.  of  rain 
fell  in  North  Carolina;  the  normal  fall  for  6  days  is  about  0.84  in.  The  maxi- 
mum fall  for  24  hrs.  for  the  eastern  district  was  3.33  in.,  25  times  the  normal. 
Local  records  for  48  hrs.,  7.95  in.  (at  Marion) ;  for  6  days,  8.68  in.  (at  Chapel 
Hill).  The  Catawba  river,  near  Rock  Hill,  S.  C,  gave  a  flood  discharge  ol 
150,800  cu.  ft.  per  sec.  from  a  drainage  area  of  2987  sq.  mi.  =  50  cu.  ft.  per  sec. 
per  sq.  mi.  The  greatest  previous  flood  was  less  than  100,000  cu.  ft.  per  sec. 
Cane  Creek,  Mitchell  Co.,  N.  C,  has  1650  ft.  fall  in  11  mi.  The  banks  ar€ 
steeply  sloping,  covered  with  thin  soil.  On  account  of  the  great  fall,  the  ordi- 
nary flood  hight  rarely  exceeded  6  ft.;  1901  flood  rose  to  12  ft.  Boulder« 
of  2  to  8  cu.  yds.,  weighing  from  4  to  16  tons,  were  carried  100  to  300  ft 
Velocity,  7,  required  to  move  bodies  of  mean  diam.,  D,  and  specific  gravity,  j^, 
inmiersed  in  water,  was  derived  by  Ganguillet  and  Kutter's  formula,  V  « 
5.67  VDg.  If  g  =  2.7  (gneiss),  and  D  =  5  ft.,  V  =  20.6  ft.  per  sec.  The 
area  of  watershed  was  22  sq.  mi. ;  the  extreme  low  water  discharge,  8  to  10  cu. 
ft.  per  sec.  per  sq.  mi.  Flood  discharge  was  estimated  to  be  1340  cu.  ft.  per 
sec.  per  sq.  mi.  At  Charleston,  S.  C,  50  in.  of  rain  fell  in  11  hrs.,  Sept.  11, 
1912,  of  which  3.0  fell  in  2  hrs.  on  Goose  Creek  Watershed  (49.1  sq.  mL) 
(J.  H.  Gregory). 

*  E.  N..  Aug.  7.  1902,  p.  103. 
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T«U«  M.    Diadurga  ftnd  SoiUm«Dt  of  Large  RItots* 


Qttuilltiea  of   Solida  Cairiod  In  Suap«iuloa  by  S«v«r«I  Amorican 
SlTora.    In  Ptrta  per  UUUoa 


„ 

At«.«. 

Authnr- 

Rtmatk* 

■"'" 

Quan. 

,„ 

Mmfaaac 

^"^■a, 
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(a)  A  [«w  daya  In  2  or  3 
biah  aooda  io  20  yn., 
noatly    fine   rirer    ailt: 
not  irlthin  7  yn.    IWS- 
1BI4  uaed  in  aferaae. 

humtt.. 
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Hardy 
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•C  C.  B^b.  B.  N..  Au(.  10,  ISB3,  « 
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Turbidity  Coefficient  Optical  determinations  of  turbidity  (see  p.  788)  are 
naturally  compared  with  gravimetric  determinations  of  suspended  matter. 
Equal  weights  of  suspended  matter  do  not  necessarily  produce  same  turbidity; 
e.g.  J  silt  or  sand  produce  less  than  finely  divided  clay.  Therefore,  the  ratio 
between  silica  turbidity  determined  optically  and  suspended  matter  deter- 
mined gravimetrically  is  important  as  an  index  of  the  character  of  the  sus- 
pended matter.  Turbidity  Coefficient  =  Suspended  Matter  -^  Silica  Tur- 
bidity. It  varies  with  different  waters,  generally  increasing  with  the  size  of 
the  particles  composing  the  suspended  matter.  (G.  G.  Earl,  Rept.  on  Water 
Purification,  New  Orleans,  1903.) 

Rainfall  and  Run-off.  Explanation  of  Tables.  The  following  tables  were 
compiled  from  Water  Supply  &  Irrigation  Papers  on  Stream  Flow  (U.  S.  GeoL 
Survey)  and  from  Monthly  Weather  Reviews.  The  second  decimal  is  dropped 
from  rainfall  and  run-off  records,  as  explained  on  p.  3.  "RainfaU  year,'' 
Oct.  1  to  Sept.  30,  rather  than  calendar  year,  is  used,  so  that  the  winter  months 
may  be  kept  together,  as  the  larger  per  cent,  of  run-o£f  occurs  in  the  winter 
months,  in  the  localities  considered,  excepting  where  melting  snow  on  high 
mountains  is  important.  Quantities  of  rainfall  and  run-off  are  in  inches  depth. 
Quantities  under  "Winter  months,"  "Sununer  months,"  and  "Yearly  Means" 
are  totals  for  those  periods.  All  references  to  years  is  to  rainfall  year,  beginning 
Oct.  1,  I.e.,  1903-1906  is  understood  to  be  Oct.  1, 1903  to  Sept.  30, 1906.  Ele- 
vations refer  to  hight  above  sea-level  and  are  intended  merely  as  a  guide  in 
comparing  watersheds.  The  lower  elevation  represents  elevation  where 
observation  was  made.  The  upper  elevation  represents  the  source,  and  not  the 
highest  point  on  the  watershed.    Stations  are  arranged  geographically. 
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Gaging  by  Floats.  Velocities  oi  streams  may  be  obtained  for  rough  sp- 
pronmations  of  discharge  by  placing  in  midstream  floating  bodies  of  about 
the  specific  gra\'ity  of  water,  and  noting  the  time  taken  to  traverse  a  measured 
distance.  It  must  be  borne  in  mind  that  the  velocity  is  greatest  at  the  8a^ 
face  of  the  water  in  midstream.  Experiments  show  that  the  mean  velocity 
for  a  cross-section  is  about  83  per  cent,  of  this  maximum.  A  fair  aliowanee 
must  be  made  for  local  conditions  altering  this  percentage.  The  cross-see- 
tion  may  be  estimated  by  measuring  the  depth  at  equal  distances  acro6S| 
plotting  a  profile,  and  planimetering  the  plotted  area;  or  by  taking  the  average 
of  these  depths,  and  multiplying  by  the  width. 

Velocity  Variation  in  Cross-section.^  The  ratios  of  the  average  velodties, 
1'.,  in  the  vertical  cross-section  to  those  at  the  surface,  T.,  may  be  expreased: 

1'.      ^-«  .     2.80 
%-  =  0.79  +  ^, 

This  formula  was  tested  by  comparison  with  values  determined  by  43  mew- 
urements,  at  many  places  on  streams  widely  different  in  physical  characte^ 

istics;  the  ratio  of  width  to  depth  (  ^  )  varied  from  7  to  110;  the  flow,  or  dis- 
charge, from  850  to  62,000  cu.  ft.  per  sec.  Errors  by  the  formula  were  u 
follows,  some  being  plus,  some  minus:  In  5  cases,  no  error;  11  cases,  1  per 
cent.;  7  cases,  2  per  cent.;  8  cases,  3  per  cent.;  5  cases,  7  per  cent.,  the 
maximum. 

Velocity*  may  be  computed  with  the  aid  of  a  current  meter  by  6  methods: 
(1)  Vertical  velocity  curve;  (2)  the  single  point  method  (one  gaging  in  eadi 
vertical  about  0.6  depth  of  the  stream  below  the  surface);  (3)  top  and  bottom 
method  (1  ft.  below  top  and  1  ft.  above  bottom)  the  average  being  used; 
(4)  vertical  integration  method;  (5)  two-tenths-eight-tenths  method;  (6) 
sub-surface  method. 

(1 )  t  Measurements  are  usually  made  just  beneath  surface,  at  0.5  ft.  bdow 
surface,  at  each  fifth  to  each  tenth  of  depth,  and  as  near  the  bottom  as  possible. 
These  measured  velocities,  plotted  with  depths  as  ordinates  and  velociticB  ii 
abscissas,  define  vertical  velocity-curve,  which  shows  velocity  at  every  point  in 
vertical,  and  from  which  mean  velocity  can  be  determined  by  di\'iding  axei 
l>ounded  by  curve  and  axis  of  ordinates  by  mean  depth.    The  following  three 
methods  are  used  in  this  determination: — (a)  Determine  area  with  planimeter; 
(6)  divide  area  into  sections  of  equal  depth,  usually  ten;  take  mean  of  velocities 
at  mid-points  of  sections  as  mean  velocity,     (r)  Divide  area  into  sections  of 
convenient  depth,  which  will  be  equal  except  bottom  section,  which  may  hate 
odd  depth.    If  bottom  section  is  same  depth  as  others,  take  mean  of  middb 
ordinates.     If  bottom  sect  ion  is  odd  depth,  multiply  its  mean  velocity  by  ratiorf 
its  depth  to  sum  of  middle  ordinates  of  other  sections,  and  divide  by  number  of 
sections.     Takes  too  long  for  ordinary  use;  it  should  be  used  only  as  a  stand* 
ard.  In  ^2)  for  flood  mcasuronicnts,  the  meter  is  held  about  1  ft.  below  the  surface 
and  a  coefficient  of  0.85  to  0.90  is  applied  to  reduce  the  obserN'ed  velocity  to  the 

•J.  C.  Hoyt.E.  N.Jan.  14,  1904. 

1J.  C.  Hoyt,  TraiiB.  Am.  Soc.  C.  E.,  Vol.  66.  1910. 
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overcome  by  increased  motive  power  due  to  velocity.    The  area  of  the  cran- 

section  offers  larger  resistance  to  current  than  in  direct-action  meter,  but  wheel 

revolves  more  slowly  owing  to  retarding  motion  caused  by  resistance  on  convet 

side  of  cups.    Principal  differential  meters  are  the  Price  and  the  Ellis.    After 

experimenting    with    various    types  the 

Geol.  Survey  developed  a  meter  combiD- 

ing  essential  features  of  Price  acoustic  uid 

large  Price  electric  meter,  known  as  small 

Price  meter  (see  F^.  15).     It  is  used  w 

the  Catekill  Waterworks,  by  U.  S.  Ged 

Survey  and  others. 


J. — Fteley-St«ams  current  meter- 

Ftelcy-Stearns  type  of  current  meter,  embodying  improvements  suggested 
by  A.  T.  Safford,  Consulting  Hydraulic  Engineer,  Lowell,  Mass,,  is  shown  io 
Fig.  16.  It  has  non-corrosive  iridium  bearings,  nearly  frictionless;  waX' 
bearing  is  specially  protected  against  sawdust,  etc.  The  wheel  is  heavier  th»r» 
in  previous  instruments  of  this  typo,  is  6  in.  in  diameter  instead  of  3i  in.,  ancS- 
has  six  vanes  instead  of  eight;  the  pitch  of  the  wheel  is  2.3  ft.  The  axle  anC*- 
wheel  are  built  to  witlistand  velocities  as  high  as  13  ft.  per  sec.  SperiaJ- 
attention  is  given  to  rigidity  by  carrying  a  horizontal  beveled  bar  around  ir* 
front  of  the  wheel,  securely  fastened  at  both  ends  to  the  circular  bar  inclosing 
the  wheel.  All  framework  is  made  of  thin  knife-edge  blades.  The  automatic 
counter  is  driven  by  inclosed  bevel  gears.  The  counter-box  is  reinforced  anc^ 
protected  by  the  rod  brace  as  shown.  It  is  claimed  that  the  meter  begins 
to  record  at  a  flow  of  0.1  ft.  per  sec,  and  is  accurate  from  0.2  ft.  persee- 
The  Ftelcy-Stearns  type  of  meter  is  made  by  the  Buff  &  Buff  Mfg.  Co.» 
Boston,  Mass.;  this  model.  No.  8,  is  listed  at  $151.     E,  N.,  Feb.  18,  1915. 

Current  Meter  Accessories.    A  dry  battery  cell  in  the  pocket  and  a  single- 
wire  telephone  la  better  than  the  old-time  buzzer.     The  current  met«r  is  bus^ 
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a  length  of  10  to  13  ft.  has  been  used.  As  much  as  830  c.f.s.  have  been 
measured.  From  European  practice,  C.  R.  Weidner  concludes:  (1)  Diaphragm 
gagings  agree  with  meter  gagings  within  1  per  cent.  (2)  Rating  canal  should 
be  long  enough  to  overcome  effect  of  pulsations  in  the  stream.  (3)  Diaphragm 
should  be  in  a  vertical  position  during  the  test.  (4)  Results  with  perturbed 
flow  are  as  good  as  with  parallel  flow.  For  epitome  of  results,  1905-1914,  and 
bibliography,  see  Bull.  672,  Univ.  of  Wisconsin.* 

Gaging  Brooks  of  Small  Flow.  On  brooks  of  small  flow,  a  channel  can  be 
formed  for  current  meter  readings.  Tests  of  accuracy  showed  discharge  of 
0.13  sec.  ft.  by  meter  and  0.135  by  positive  measurement  (a  box).  Another 
reading  gave  0.15,  positive,  and  0.14  metered.  Also  a  small  weir  can  be  set. 

High  Velocities  in  Stream  Channels.  The  highest  velocities  which  the 
Geological  Survey  has  measured  in  natural  channels  were  taken  on'  Grand 
River  at  Glenwood  Springs,  Colo.;  several  measurements  ranged  from  10 
to  15  ft.  per  sec.  These  measurements  were  not  made  at  the  maximum  stage 
and  it  is  probable  that  the  velocity  of  this  stream  exceeds  20  ft.  per  sec.  at 
times.  As  Grand  River  is  a  typical  mountain  stream,  there  are  probably  many 
other  streams  which  have  velocities  as  high  as  20  ft.  (Mean  velocity  of 
cross-section.) 

*  "  Diaphragm  Method  for  the  Measurement  of  Water  in  Open  Channela  of  Uniform  Section," 
by  C.  R.  Weidner.  1914. 


Fki.  17. 


CHAPTER  IV 
GROUND  WATER 

OCCURRENCE 

Absorption  of  Rainfall  by  Ground.  Ground  receives  the  greater  part  of 
lie  rainfall,  probably  nearly  80  per  cent,  in  eastern  U.  S.  and  90  or  95  per 
ent.  in  much  of  the  West.  Water  that  enters  sands  and  gravels  generally 
iK>Tefl  toward  streams,  but  in  regions  where  the  rainfall  is  small,  gravels  may 
ibsorb  water  from  streams  which  rise  in  regions  of  greater  rainfall. 

Most  favorable  ground-water  areas  are  the  deep  water-bearing  strata 
beneath  broad  plains  that  were  created  during  the  glacial  epoch  by  out-washes 
of  coarse  sands  and  gravels  from  the  terminal  moraines  of  glaciers. 

Depth  of  Water-table.  The  upper  limit  of  water-bearing  strata  is  known 
as  the  water-table.  Its  depth  varies  with:  (a)  porosity  of  the  catchment  area ; 
(b)  amount  of  rainfall;  (c)  topography. 
In  reipons  of  low  rainfall  and  low  re- 
lief, the  water-table  is  deep-seated  and 
iditively  horizontal.  In  regions  of 
peater  rainfall  and  greater  relief,  it  is 
relatively  near  the  surface  and  tends 
to  follow  the  topography.  If  a  valley  cuts  a  water-table,  the  ground  water 
nwves  toward  the  valley,  forming  springs,  as  shown  in  Fig.  17. 

Relation  of  Water-table  to  Vegetation.  Investigations  have  shown  that 
*hen  the  ground-water  surface  is  5  ft.  or  more  below  the  surface  of  coarse 
wfls,  no  moisture  reaches  the  surface  or  the  roots  of  vegetation  through  cap- 
fflary  action. 

Fbctuations  of  Ground-water  LeveL  *  The  annual  fluctuations  of  ground- 
water level — high  in  summer,  low  in  winter — are  caused  by  the  quantity  of 
rainfall  reaching  the  plane  of  saturation.  Frozen  ground  minimizes  the  ab- 
■orption  of  surface  waters,  although  King's  experiments  in  Wisconsin  showed 
wnclusively  that  some  water  percolates  into  frozen  ground,  possibly  through 
i^ffinkage  cracks. 

Causest  of  the  fluctuation  of  ground  water-table  on  Long  Island  are: 
(1)  Natural:  Rainfall,  sympathetic  tides,  thermometric  changes,  barometric 
^J^angw.  (2)  Artificial:  Dams,  pumping.  Tests  on  Long  Island  indicate  that 
^deoper  below  the  surface  and  the  higher  above  sea  level  the  water  table  is, 
4f  less  rapidly  it  responds  to  rainfall  influence.  The  retardation  was  entirely 
^  of  proportion  to  the  thickness  of  the  unsaturated  beds  above  the  water 
table. 

!!^Hcriiif-FreemAn  report  on  Water  Supply  for  New  York,  1003.  p.  825. 
TU.&  Q«o|.  gonrey.  Prof.  Paper  #44,  1004,  p.  60. 

73 


74  WATERWORKS  HANDBOOK 

Underground  Water  in  Rocks.*  ExperieDce  does  not  prove  the  asaump- 
tion  that  all  rocks  are  saturated  below  a  moderate  depth.  Id  the  Pennsylvania 
and  New  York  oil  regions,  rocks  practically  destitute  of  water  are  encountered 
at  a  few  hundred  feet.  These  include  coarse-grained  sandstones  capable  of 
holding  large  quantities,  but  which  are  dry.  Very  rarely  is  fresh  water  found 
below  the  dry  rocks.  Wells  have  been  drilled  several  thousand  feet  de^ 
without  encountering  water  below  the  first  few  hundred  feet.  These  farts 
show  the  fallacy  of  the  idea  that  there  is  plenty  of  water  if  one  only  goes  deep 
enough.     That  great  underground  lakes  exist  Is  extremely  improbable. 


Limit  of  Capillary  nisin  lncii«i 

Fio.  18. — Relation  of  capillary  rise  to  effective  aiie.t 

Purityof  Ground  Water.!  In  a  sandy  soil,  like  that  on  Long  Island,  pn^ 
ably  all  ground  water  foimd  under  natural  conditions  at  a  depth  of  more  tbiQ 
10  ft.  is  safe  for  drinking,  provided  it  docs  not  receive  immediate  subsurfaee 
pollution.  Tubular  wcIIm  will  yield  safe  water,  but  open  or  dug  wells  arc  too 
liable  to  pollution  from  alwve  to  be  used  In  crowded  districts.  In  several 
European  citios,  ground  water  is  preferred  to  fdtered  river  water.  It  should 
not  1)6  drawn  too  near  the  surface  on  account  of  sewage  nor  too  near  the  «« 
on  account  of  salt.     See  also  p.  238. 

Yield.  The  normal  yield  of  the  ground  water  catchment  area  of  the 
Ridgcwood  (Urooklyn,  X.  Y.)  system,  is  about  900,000  gals,  per  day  per  sq. 
mi.,  or  43  per  cent,  of  the  average  rainfall.  ICuropean  watersheds  of  aimiiir 
character,  (jn  which  the  rainfall  is  much  loss  than  on  Long  Island,  haveaveraged 
40  to  50  per  cent,  of  the  rainfall  for  years. 

Velocity  Measured.!  Slichter  observed  nn  average  velocity  of  7.4  ft,  per 
24hrs.,  and  n  maximum  velocity  of  22,0,  of  underflow  in  Arkansas  river  sand- 
G.  E.  P.  Smith  found  a  velocity  of  400  ft.  per  day  in  the  underflow  of  bd 
Arizona  stream.     Character  of  deimsit  has  large  influence. 

*  Srr  alno  pp.  Tfl 


U.S.  (l»l.  Survey 


Supply  for  Krw  Vork.  I)Hn. 
■"'     •■       '      "  "  ""  ihtnlaWBlar  SopplyF^Hn* 
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more  or  less  sandy  layers  within  a  ciay  bed.  In  some  places  sand  that  ap- 
proaches clay  in  fineness  and  is  mistaken  for  clay  yields  much  water.  Clay 
is  of  great  importance  as  a  confining  layer  to  porous  sands.  Whpn  necessary 
to  obtain  water  from  clay,  the  well  should  be  as  large  as  practicable  and  deep 
enough  to  provide  ample  storage,  for  clay  yields  a  small  quantity,  and  very 
slowly.  Dug  wells  are  usually  most  satisfactory  where  clay  is  near  the 
surface,  but  should  be  carefully  covered  and  protected  from  pollution. 

Till  is  a  heterogeneous  mixture  of  clay,  sand,  gravel  and  bowlders.  In 
texture  it  ranges  from  very  pervious  to  impervious,  according  to  content  of 
sand  or  of  clay.  In  few  places  is  it  definitely  bedded.  Water  generally  occurs 
in  it  in  minute,  more  or  less  tubular,  channels,  but  occasionally  is  distributed 
through  interstratified  sandy  beds.  In  finer,  more  loamy  phases  the  siipply 
is  not  abundant,  but  coarser  portions  furnish  water  more  plentifully.  In 
the  aggregate,  till  yields  a  large  quantity,  and  where  sufficiently  thick  fonns 
a  most  convenient  and  accessible  source,  but  because  so  irreg^arly  disposed 
the  success  of  wells  varies  greatly.  Water  is  usually  close  to  the  surface,  but 
l>etter  can  be  obtained  by  casing  off  upper  water-bearing  beds  and  extending  the 
wells  to  greater  depth.  In  general,  wells  of  large  diam.  are  most  satisfactory. 
Till  is  widely  distributed  over  northeastern  and  north-central  U.  S.  in  areaa 
covered  by  glacial  drift.  Southern  border  of  glacial  deposits  extends  from 
Martha's  Vineyard,  Mass.,  through  Long  Island  and  northern  New  Jersey, 
across  northern  Pennsylvania  into  southwestern  New  York;  thence  southwest- 
ward  across  Pennsylvania  and  Ohio,  southern  Indiana,  Illinois,  and  central 
Missouri,  and  northwestward  into  Canada. 

Sandstone  is,  of  solid  rocks,  the  best  water  bearer.    Water  from  sandstone 
is  of  better  average  quality  than  that  from  any  other  material  except  sand  and 
gravel.    In  the  Appalachian  Plateau — the  bluegrass  district  of  Kentucky, 
Nashville  basin,  and  Cumberland  and  other  plateaus  of  Tennessee,  West 
Virginia,  western  Pennsylvania,  and  New  York — sandstone  is  the  chief  water- 
bearing sedimentary  rock.    Porous  sandstones  also  underlie  the  great  plains  of 
the  Dakotas,  Kansas,  and  Nebraska-,  and  yield  artesian  flows  throughout 
extensive  areas.    Over  much  of  the  region  farther  south  they  also  fumisb. 
abundant  underground  water.     In  some  places  conglomerate  yields  consider- 
able water,  although  absorptive  capacity  is  not  so  great  as  of  sandstone;  it  i^ 
not  so  widely  distributed.     Quartzite  is  a  metamorphosed  sandstone,  the  spaced 
l)etween  grains  being  filled  by  hard,  siliceous  matter.     Because  of  this  filling 
of  the  pores  there  is  little  chance  for  water,  hence  it  is  not  commonly  aa  impor- 
tant source.    Old  sandstones,  shales,  and  other  sedimentary  rocks  altered  U^ 
quartzites  or  slates  lie  near  the  surface  in  the  Appalachian  Mountains,  Oiarl^ 
and  Superior  highlands,  and  Rocky  Mountains,  and  on  the  borders  of  thes^ 
higher  lands  yield  some  water,  but  generally  both  occurrence  and  quality  ar^ 

uncertain. 

Shale  is  a  poor  water  l>earer,  but  may  yield  from  bedding,  joint,  and  cleair- 
age  planes,  and  other  crevices;  most  important  as  a  confining  layer  to  prevea* 
escape  of  water  from  intcr]>cdded  porous  sandstone. 

In  limestone  water  occurs  mainly  in  channels  and  caverns  formed  by  solver** 
»n  along  joint  or  bedding  planes.     These  are  very  irregularly  distributed 
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Formulas.     The  principal  formulas  now  in  use  are: 

Hazen's:  T «  =  C// ^S*^  ^  - •     (Report,    1892,  Mass.  State  Bd.  rf 

Health.) 

Slichter's:  Q  =  0.201 2»S  J^.     (U.    S.  Geol.  Survey,  Water  Supply 

Paper  No.  67,  1902.) 

Darcy's:  Q  =  CpSA 

Forchheimer's:  S  =  aVm  +  bV\ 

Lueger's:  Va  =  283  dS,     (Konig,  Wasserleitungen,  1907,  p.  164.)        \ 

a  =  a  constant,  the  conditions  governing  it  not  being  explained.  j 

b  =  a  constant,  the  conditions  governing  it  not  being  explained.  j 

Cp  =  constant,  depending  on  porosity  of  the  medium. 

d  =  effective  diameter  of  sand  grain,  millimeters;  varies  from  0.1  for  very 

fine  sand  to  3.0,  fine  gravel.    See  also  p.  739. 

A  =  area  of  total  cross-section  yielding  water,  in  square  feet. 

A  9  =  area  of  the  void  section,  square  feet. 

S  =  slope  head  or  difference  of  elevations  of  the  water  at  the  two  points 

considered  -r  distance  traveled,  measured  along  path  of  travel,  =  y 

A'      =  constant,  dependent  on  porosity  of  the  medium. 

Q       =  cubic  feet  per  min.   of  water  yielded   by  the  entire  cross-8ecti(m. 

tf      =  temperature  of  the  water,  in  deg.  Fahr. 

Tc     =  tempcratue  of  the  water  in  deg.  Centigrade. 

w       =  a  constant  known  as  the  coefficient  of  viscosity,  which  takes  account 

of  the  friction  between  particles  of  liquid. 
\\    =  velocity  in  meters  per  24  hrs.,  at  which  water  issues  from  the  entire 

cross-section. 
Vd     =  Vm  expressed  in  feet. 
\\     =:  velocity,  in  feet  per  24  hrs.,  at  which  water  travels  through  the  voids. 

The  formula  by  Forchheimer  of  Gratz,  Austria,  although  used  in  France, 
is  of  little  use  in  United  States,  no  working  values  being  specified  for  a  and  h. 
These  could  be  obtained  by  a  routine  test  of  each  soil  to  be  dealt  with. 
Sellheim,  Smreker,  Masoni  and  Krober  have  also  produced  formulas. 

Slichter's  formula  may  be  written : 

Va  =  289.7285d«  -^  uK; 
andHazen's: 

*"-    89^*^  60 

Velocity  depends  on  the  square  of  the  effective  diam.,  on  porosity  and  tem- 
perature, and  on  slope,  or  pressure  gradient;  and  is  the  velocity  of  the  water 
issuing  from  the  entire  cross-section  of  the  water-bearing  sands.  Velocity  in 
voids  is  greater  than  that  given  by  the  fornmlas;  but  the  cross-section  in  this 
case  will  bo  that  of  the  voids.  Q  =  ArVr  =  AVa]  therefore  F.  =  AFd  -5-  A- 
" Wocities  of  flow  which  occur  in  seepage,  percolation  or  in  forced  flow  through 

vious  materials  are  affected  by  capillary  attraction  and  frictional  resist- 
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Porosity.  Of  more  iniportance  thaa  viscosity  is  porosity,  or  the  reUtioa 
of  the  void  spaces  in  the  medium  to  the  total  volume.  Porosity  depends  <b 
variation  of  sizes  and  manner  of  packing.  Experiments  on  unsorted  gravd^ 
varying  from  2\  In.  to  \  in.,  heavily  rammed,  prove  that  28  per  cent,  voids ia 
about  the  lowest  obtainable.  The  maximum  porosity  possible,  in  a  mass  of 
«qual  spheres,  is  48  per  cent.  Porosity  of  quarts  sand  varies  from  30  to  40 
per  cent.,  and  that  of  clay  loams  between  40  and  60  per  cent;  water-bearing 
sands  and  gravels,  10  to  30  per  cent.    The  K  of  Slichter's  formula  and  C,  of 


OBO         100  ISO  UO         1.60  IBO         EjDO 

Comparotlve  Flow. 
Fiii.  'JO. — CoitipBriaoii  of  viariwity  fonnulas. 

Hazea'tt,  take  account  of  porosity.*  Hascn's  formula  (Mass.  State  Board  fM 
Health,  1892,  p.  539)  applies  to  sands  with  effective  diam.  from  O.I  to* 
nini.;  for  gravelB  of  Inrcor  ti\ze,  friction  varies  in  ways  not  expressible  bf  k 
Kcneral  fomnila.*  As  Ihc  size  increases  beyond  this  point,  the  velocity  witk 
given  head  dors  not  increase  as  rapidly  as  the  square  of  effective  size;  and  witk 
coarse  ftravcbi,  the  velocity  varies  as  the  s(|uare  root  of  the  head  instead  tf 
directly  with  the  head,  us  in  sands.  The  influence  of  temperature  also  becamM 
less  marked  with  coarse  gravels.  Whenever  properly  applied,  the  Hua 
formula  hits  proved  reliable;  C,  rarely  falls  below  400,  even  for  old  and  dir^ 
sands  and  rarely  ri.scs  above  1200,  lying  between  700  and  1000  in  most  ea«L 
This  formula  ia  not  to  be  applied  to  clay,  hsrdpan,  soil,  etc.  Voids  may  Im 
measured  !>y  a.-'cprtaining  the  volume  of  water  contained  in  a  sample.  TUl 
method  is  Milijcct  to  errors  due  to  air  entrained  in  the  water,  and  the  abeorbcat , 
action  of  the  stone.  Detttr,  weigh  a  known  volume  and  from  the  koowij 
weight  of  an  e<iual  volume  of  solid  stone,  compute  voidl.  \ 

•  Tntiu.  Am.  Soc.  C.  E.,  Vol.  73,  lOtl.  p.  200.  ' 
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Independence  of  effective  diam.  and  porosity  is  illustrated  in  the  follow- 
ig  table  from  Water  Supply  Paper  #67. 


Porosity,  or  percent,  voids 


'able  27.     Relative  Flow  of  Water  through  Sands  of  the  Same  Effective  Size, 

but  Packed  to  Possess  Different  Porosities 

Relative  flow  compared  to  a 
porosity  =  32  per  cent. 
30  0.8 

32  1.0 

34  1.2 

36  1.5 

38  1.8 

40  2.1 

Pore  spaces  of  soils,  per  cent,  of  volume;  Illinois  prairie  soil,  55;  East 
Windsor,  Conn.,  clay  soil,  48;  coarse  river  sand,  38  to  41;  subsoils,  35  to  43; 
blowing  sands  45.     (Rafter  &  Baker,  "Sewage  Disposal  in  U.  S.,"  1894.) 

Table  28.    Porosities*  of  Some  Media  Encountered  by  Ground  Waters 


Rook  or  earth 


Quarts  of  water 
per  ou.  ft. 


Porosity,  per  cent. 


Minimum 


Maximum 


Average 


Granite,  schist  and  gneiss 

Gabbro 

Diabase 

Obsidian 

Sandstone 

Quartzite 

Slate  and  shale 

Limestone,  marble,  dolo- 
mite  

Chalk 

Oolite 

Gypsum 

Sand  (uniform) 

Sand  (mixture) 

Clay 

Soils 


0.003-0.06 

0.06t 

0.07t 

0.04t 

0.5-1.5 

0.01-0.06t 
0.30t 

0.06-2.6 
2.0 
0.54t 
O.lOt 
2.5 

2.85t 
3.35t 
4.12t 


0.02-0.4 


0.9 


3.5-4.8 
0.5 
0.5 


3.3 
1.3 
26.0 
35.0 
44.0 
45.0 


0.6-1.9 


1.1 


22.8-28.3 

7.6 

13.4 


12.4 
4.0 
47.0 
40.0 
47.0 
65.0 


0.2-1.2 

0.8 

1.0 

0.5 

10.2-15.9 

0.2-0.8 

4.0 

4.8 
53.0 

7.2 

2.6 
35.0 
38.0 
45.0 
55.0 


Uniformity  Coefficient.  The  Massachusetts  tests  indicated  that  the  finer 
10  per  cent,  of  the  sand  grains  control  the  transmitting  power.  The  uni- 
formity coefficient  is  found  by  dividing  the  size  of  grain  separating  the  coarser 
40  per  cent,  from  the  finer  60  per  cent,  of  the  particles,  by  the  size  of  grain 
separating  the  finer  10  per  cent,  from  the  coarser  90  per  cent.  A  rough  esti- 
Doat^  of  the  open  space  can  be  made  from  the  uniformity  coefficient.  Sharp- 
drained  particles  having  a  uniformity  coefficient  below  2  have  nearly  45  per 
xnt.  voids  as  ordinarily  packed,  and  sands  having  a  coefficient  below  3,  as 
liey  occur  in  banks,  or  artificially  settled  in  water,  will  usually  have  40  per 
cnt.  opejsi  space.  With  more  mixed  materials,  the  closeness  of  packing  in- 
reases  until,  with  a  uniformity  coefficient  of  6  to  8,  only  30  per  cent,  open 
pace  is  left.  With  round-grained  water-worn  sands,  the  open  space  has  been 
•bserved  to  be  from  2  to  5  per  cent,  less  than  for  corresponding  sharp-grained 

•  M.  L.  Fuller,  Water  Supply  Ptfper  #160.  t  Computed  from  average  poroeity. 
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Table  29.    Percentage  of  Absarption  (by  Vtdume)  of  Vuious  Ge^oglcal  ! 
(Mead,  Notes  on  HTDaotooT) 


F«™a™ 

Lo«tioD 

Per  sent. 

Grand  Bcauchamp,  France 

Grand  Beauchamp,  Fiance 

Grand  Beauchamp,  France 

Sandstone,  another  specimen , 

Calcareous  freestone 

Lower    tertiary      sandatone 

4.4 

18,0 

Cheltenham,  England 

Cheltenham,  Eusland 

Gloucestershire,  England 

Gabbra 

Duluth,  Minn  

0  3 

JoUet  Dl 

Winona,  Minn 

4  8 

Redwing,  Minn -^  . . . . 

Big  Sturgeons  Bay,  Wis 

0.25 

12.5 

33-40 

Rockford,  III 

2  1 

Va'u*  of  Tronsmiisian  Conitant,  N. 
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unit  tune  through  a  cylioderof  tbe  medium  of  unit  length  and  unit  cross-secrtiM 
under  unit  difference  of  bead  at  the  ends.  When  S  -  1,  K  —  N  (F1^  2!^ 
23,  24). 

Application  of  Lueger*!  Fonnnla.  I't  —  2S3  dS.  An  underground  mta 
current  3000  ft.  wide  and  3  ft.  deep,  has  slope  of  0.001,  passing  through  > 
medium  of  25  per  cent,  poroeily,  with  d  =  2.0 

Q  =  AVi  -  0.25  X  3000  X  31'^  =  0.25  X  3000  X3X283X2XOi«)l 
=  1275  cu.  ft.  per  day.* 


LO  10  100  KlOO  10.000  >00fiM 

Fii;.  24. — Traniiniission  constant  (ur  velocity).    Correction  for  tetnpentaR. 

(»r>F.  normil.) 

Application  of  Hazen's  Formula.  In  considering  flow  of  ground  wsteA 
rerinemonts  like  iiilluence  of  temperature  may  be  eliminated  (see  Fig.  24)' 
Thus  llazeu's  furmula  becomes: 

t'j  =  8200  d*S 
Velocity  of  grnund-wator,  through  fine  tuuid  having  effective  siie  of  0.1  ma- 
and  Keneral  slope  of  ground-water  surface  of  5  ft.  per  mi.  (hydraulic  grsditat 
=  0.001)  would  be  0,082  ft,  per  day.  Velocity  through  gra^-el  having  eflectin 
bIzc  of  3  mm.  and  general  blopc  of  water  surface  of  53  ft.  per  mile  (hydra<dit 
gradient  =  0.01)  would  bo  738  ft,  per  day,  or  approximately  0.0085  ft.  p« 
Rce.  Report  of  Mass,  .State  Jkiard  of  Health,  1802,  contains  results  of  Hawi'i 
experiments  to  dotenniiic  velocities  of  water  through  screened  gravel,  aasuD 
ing  10  per  cent,  porosity. 

The  fornnila  V  =  S200</'5  gives  much  larger  results  than  Table  30.  T 
nxidify  formula  to  produce  results  given  in  table  would  involve  variatid 
i  coefficient  iK-tween  0222  (for  d  =  3  mm.  and  s  =  0.0005)  and  940  (for  4  ■ 

mm.  and  a  =  O.OI). 

•Kani*.  WuKrkitunitcn,  1907,  p.  105. 
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r  with  Btone,  concrete  or  brick  walls,  whence  it  is  conducted  throu^   j 
pipes  to  the  point  of  consumption.  \ 

Earth  Elopes  around  a  spring  should  be  strengthened  by  sod  or  pa\-inK  to  ' 
prevent  their  being  washed  down.    Make  sure  that  the  rain-water  cannot 
find  its  way  to  the  rock  against  which  the  spring  house  is  built.    Pig.  3i 
(from  Table  1,  Kdnig)  shows  a  spring  house  without  entrance,  one  will 
entrance  on  top,  and  one  with  a  door  at  the  side,  respectively. 


Ore  forf&itm  oahuie 
Chamber) 


Utilizing  Springs  from  Weathered  Rock.     Water  issuing  from  partly  loMS 

and  sandy  rock  layers  often  carries  much  sand.  Springs  with  resor\-oire  which 
are  not  large  or  deep  enough,  and  into  which  surface  water  passes  after  a  rain, 
are  often  cloudy  on  account  of  their  content  of  suspended  matter.  8ui 
water  should  be  passed  through  a  aand-catcher,  or  settling  basin,  before  «r 
teriiiK  the  clear-water  tank  or  resen'oir.  To  keep  the  water  pure,  it  is  neces- 
sary to  provide  tor  this  settling  chamber  a  concrete  or  brick  roof  covered  with  i 
earth,  and  to  keep  the  air  out.  An  auxiliary  conduit  through  which  tfat 
water  can  be  passed  when  the  settlio);  chamber  is  to  be  cleaned,  and  meaM 
for  emptying  it,  arc  also  necessary.  A  suitable  settling  chamber  is  rEKstongular, 
of  such  a  cross-section  that  water  passes  through  it  at  a  alow  speed,  say  10 
ft.  per  hr.,  according  to  the  nature  of  the  suspended  matter. 


:l"  rrT"  ^  'Ji^'  \-  •  ■fli*-'-  \:t*  vi.-,-»r  inniiim:  U3wn  Tnni"fie  TiZi?.  r:  mn5  from 
ii*r-  "  ■.  '.ii»  •■:ri:ic  ii ■'■-:-*  llijI  ~_ii-_i  nni  "lit*  'Klt  in'^AWi.  T!i*t  walls  are 
..^_  .^^.  _^^,  .^.j-.,„  ^^.^  <ii:t»-T-iJ.-:- I  1  iiifnT.if  ^  n.  UT?  v;"7r*!*i"^l"JicemeEt. 
5i£CfS£=i!XkS£Z  "^^Tigiig*  c  'F^.esnaizesL  in?  xrioii  srnmriyfg  •:•:  another 
zir^'Li'  •:    f  :-r.r-r  uTi  jfTT'izii  TiTiT  riupi"      TTie  •ma*r-:»;ar"~  z  mountain 

-i-lt-r*^  Tt!r*  ii"i"  *"_  I."  *jj*  If*— rr^j^T"  -ie'"ir:tiii  "i  z:""  5»i:E#!te— i  head  for 
r^~.'.:".:4.  Ti-'f'  "_:i*'*  LT*  :.i>.r-^i  ti:*!-^  dij^T  MVir.  "■:  r*<:ei~-r  zhe  water. 
7.-.^  -^^1  ■"  c-l-rr-  J?  "im;  iir-.-rT.  )f  Trui'ii  J;M]  jjt?  ir.  :he  porous 
-'.  '.T.-.s.  I::r.  :..i_-r—  I  ix  LTr  i-i-.-:iii:ai::e«i  TTia  iHniiiZ'^  ::r  water  by 
:■-!  — -4  i.'.i-T  -.  ■_:-  z-J.r^!-r-  7i?^=r  ii  ijr?  ir?  :f  xriiuc!."  ir::!.  and  made 
"Ri".-:.--:^:*.     f  r-:':»tr  r.-^s.-'j    -z   ~_iii   z-i:ni».     3t*mnii  "Jiese  d'>3r«,  erected 

■.^•>--*  u_-:  >^L-s  Tt'z^  J-  r-.r-i  Ji  iZLZm  :ii;inr:ne?  ::r  "ise  during  the 
!•;■  r-.-:«.^.  "'i'rr  j?  '.ii-^  :!f  ':"•  nir-iii?  :r  i  —il'-^  "rt^sii ie  -^  ir-jr.  The  local 
?.*.— '.:..:_  :i"  -.^t  i.^..-*  ^  ir^-r^  "r-i  :~  ^ii^r-.nic  '.gr^tnl  oiirjicw  from  the  sub- 
".-rriiii.-.  rzS:--  L-'r.  tj:-  ■:  '_:-i  •■ —  -r  ;-  ^lei^i  :f  "ihti  i:cr  should  not  nee 
---■^  ^'itr- :.  *.  .1  i  i.^"  i?  -.  7r---:n'  rr^  ii^sihiirp?  fr»:in  ^he  Sssures.  The 
vi->:cu:  .•?  :  ?  'i-.  '.•-'.-  :•..  .>  :  t-:.--j--lz:i  >  ±13-:  7ar*-l7  Tj^t*  oorarrenceof  soft 
f.::-.La*...-.s -v^:-r  :.:■:■  ^1  .:  :.-^--.:.  iz..i  i."v:rL.-::£ -.:  liie  existing  freeflow, 
tiiT*  h  .c"  :  .:"  7.  .  /.  z.  ^--  -..-  ►^  -i  -^ij^*:  77  -j..*  f**<.'t:ci£  i-K-rs.  A  succession 
cf  :::es<f  .Lvr*  .•::  —  .^— e:  zil-T;  r~t£  1^  irceir-xni^-e  ot  1  ^ight  of  stairs  to 
::'.o  WA-.c-  >^ri:TS  jf^r. :  :.:•:  :..:r5.     Sjcj.  "^iMerJet-CMen.  1907.  p.  136. 

K2ec:  cc  Wa:-r  rf  Cc^-rsc  Ssserran.  A"  Ri'i«ewood  (Brooklyn, 
N  Y.  ■-.  A-^ :-...- v5  JT-.'--:  -^i'-.t  :c  ni.TT^i  cri^zZfi  smd  surface  waters, 
im::*.:/:  U'  5:,.r^-".  .-  ::•=.  -  •r'rr  .r."--?  ::i  i-.-.-uizr.  cc  zrowih  of  ofiFensive  mi- 
vT',orv:.i:.>:-^.  Ar'..i  .^^  ?-  ri^T  .-:s^r-.Lr^  :LsrijIl7  are  unnecessary  for  a 
p^^^ :v - ■  y - ; . <. ; •  v. ■  i  j;r  ^r. :  'i- i ■  r *-*-?"=: .  ": trji-se  rt.T?  5pdiC6S  of  sands  and 
!Cr:iv-\:  !.r:v.  '..■.■  •"^  '^■s  7*  l*^  c  =.•".:  LiTKr  capacity  than  could  be  ob- 
'ii:.:.:  i:.  .17- 1~—'.  '  i^  >■  >.^i  r  -ij^-  i-.^s  no:  invite  evaporation  or 
k-r>.\vv.    :*  .-r...:.  >:. «?      M^z;    ?->-r.i  f  ir.i  £l:cr«ii  waters  cannot  be  kept 

SubrerraneJin  S::rj^e  GiZery.  Saz=a  BArbcra.  CaL*  Tunnel,  5  ft.  X  7 
-'  .  :>::..::..--  -  _  ^  "  '  -•"  ^-"-^"  "  -  ^"i  ?r.jie  intoa  hill  containing  a 
i-.'.:r..l  u:..:T--zr  ^-.  .  :--:•.-:  -' •  •  ■■  ■>  ~*.  v^nol  portal  is  a  masonry  bulk- 
Jv:;i:  •■..-.:;'_  ■  -*  7  i-^--'  i-"  "*- "  '--V*^'  ^bi::!  conveys  the  underground 
"-::■"  "■     ■^^     "■'  :-'."..•-   :.'.,:  "':  .ir.-  reason.    A  valve  outside  the 

•  ^'^-<:.-^:  .-  ..  --:  ■  ^.".v".  r^:.-.  j.-y  r.;  I.r.^r  needs  this  auxiliary  flup- 
]/.'/:  :_-.-.£  -  .  :  '...*•  "  .  7!:-^:=::-:  c«: "..!".:  :r.e  bulkhead  rises  rapidly.  la 
■-' V  -:.r.;.r ':  •  .*         i-        ■    i.  !.■.':  r  o  iiirnths.    The  underground  reaif- 

•  v.r  :.i.   ,  .    -•...:->.  ■■■.r-^ :.-[.-    :  4'  :■  .:      Normal  flow  from  underground 

Bibliographv.  Ar.  \r.i  >•:•  "...-iT.irhyo:  American  and  foreign  studiflt 
of  i.r;'i*-rir, .:.;  -ivr-;  :::  >\i7?  :::  N.:.tV.T:::h  Annual  Report  of  the  U.  & 
^':oIo5f>:i!  .-^r.vv.  >''7->''<.  V^-.r.  /..  y.  ^<I:  :u>o  in  Bibliographic  Reuet 
sxiA  ffid'-x  of  P:;,>-rT^  Rr  I:-:::.*:  •  .  I  :.  i,7^7.  ::.  i  \V:itors,  Published  by  the  U. 
f;<:oloj;ii;nl  Survey  <  1^7'.*-U'04'  ly  Myron  L.  Fuller,  Water  Supply  &  Irrig^^; 
tion  Paper,  No.  i^O.  1905. 

•E.  H..  Jan   22.  1910. 


PART  II 

COLLECTION  OF  WATER 


CHAPTER  V 

INTAKES 

Intakes  in  Sand.  For  years  the  supply  of  the  Citizens  Water  Company, 
Denver,*  was  secured  from  about  a  mile  of  timber  crib,  30  in.  square  in  section, 
and  about  1  mi.  of  perforated  30-in.  pipe,  both  submerged  from  14  to  22  ft.  in 
water-bearing  sands  of  Platte  river.  Timber  crib  was  open  at  bottom,  so 
that  with  openings  of  cribbing  perhaps  half  its  superficial  area  permitted 
inflow;  for  the  pipe  the  net  area  of  perforations  probably  bore  a  much  smaUer 
ratio  to  circumferential  area.    It  mav  be  assumed  that  in  2  mi.  the  total  area 


Plan 


Sheeitd  and  covered 
frtnch,  aboi/f  400  ft. 
long 


hjmping 

fafion 


VpV*?rn' 

Tronsverac  Section 
Fig.  26.— (See  p.  90.) 

of  inlet  openings  equalled  25  per  cent,  of  the  surface  exposed  to  sand,  affording 
•  total  net  area  of  inlet  openings  of  26,000  sq.  ft.  Supply  secured  was  400,000 
to 450,000  cu.  ft.  per  day,  equivalent  to  13  cu.  ft.  per  day  per  sq.  ft.  of  inlet 
<>pttung,  or  velocity  of  inflow  of  0.00015  ft.  per  sec.  As  the  water  approached 
'•dially  from  every  direction  it  must  be  assumed  that  the  maximum  velocity 

•ftatly  from  T.  A.  8.  C.  E..  Vol.  31,  1894.  p.  133. 
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' ^  It.': T  s  _  il V  •:■:  ■."- r  :•: : : :  ni  to 5uch an 
tT*-!"  ^t  ".■:  ^1-*.  :r  Titrrr  supplies 
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•  •'  ^*  ■'-    \   "^  ;     '  ~  ~^      T       .T*     :.  .    :r.   4"*  ::.   :•:  water:  it  is  lareelv  a 
''■      • '  >.  .  ■      ■    /*-     A-./    -r-^    :..i--r  ::  ".::;il  draueht  in  one  locality 

^       f^  *'  /^^Z~  ■  *—     :L  1  "^T  ■■•  '.■•:".v  of  the  water  as  it  enters 
/      '//22.:~-\-^    -.-:.-  -k  •.     Ir.  dopths  exceeding  40  ft., 

■:.•■  : :.:■.:■:. ^0  of  waves  is  insufficient  to 
■  .i  >•  -  ri.is  washing  and  consequent 
*  -r"  i  ::*y.  The  distance  of  the  intake 
!.-■::.  •.•.■■  -^lioro  also  has  a  bearing. 

I.)i:iLrr:::n  27  is  believed  to  cover 
fir-t-l:i-s  pra«.tice  in  ordinary  circum- 
>tanr'<.s  on  Lake  Michigan,  where  it  is 
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at  right  angles  to  the  stream  and  at  less  velocity.    Thus  floods  carr] 
I>a8t  the  intake.    (£.  R.,  Dec.  24,  1910.) 

Anchor  Ice  and  Frazil  are  very  important  in  Great  Lakes.  Tl: 
variously  termed  frazil,  ground  ghu,  lappered  ice  (Scotland),  moutonj 
spicular  ice.  Anchor  ice  is  formed  on  bed;  frazil  between  bottom  and  s 
and  only  when  there  is  open  water  above.  On  Lake  Michigan,  further 
tions  for  formation  of  anchor  ice  and  frazil  are  westerly  wind  and  therm< 
below  freezing;  never  when  sun  is  shining,  or  when  sky  is  clouded  at  nigh 
clear  the  intake  at  Lake  Forest  waterworks,  the  valves  in  the  well  are 
thereby  throwing  any  pressure  remaining  in  the  mains  upon  the  intake  tl 
a  by-pass.  At  times  a  pressure  of  75  lb.  has  been  maintained  for  2 
before  there  would  be  noticeable  relief.  About  one  out  of  five  tim 
method,  if  tried  before  sunrise,  has  proved  satisfactory;  rest  of  time  mon 
is  wasted  than  comes  in  through  the  intake  before  it  is  again  clogged. 
Trow,  Supt.  Lake  Forest  Water  Co.,  Illinois  W.  S.  Ass'n  paper,  1911.) 
troubles  with  ice  are  experienced  on  other  lakes  also,  and  along  the  I 
sippi  and  other  rivers. 
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for  4  days.  Both  dam  and  box  were  rammed  by  hand.  A  4}-ft.  piei 
wrought-iron  pipe  with  capped  eads  was  filled  with  the  clay  and  ano 
the  disintegrated  serpentine,  rammed  with  a  jack.  About  4  in.  f 
gravel  was  put  in  bottom  of  each  and  lower  cap  had  gage  cock  it 
Through  top  cap  water  under  140  to  160  lb.  per  sq.  in.  was  forced 
time,  then  under  40  lb.  for  6  months.  In  each  test  water  Denetrated 
Uin. 

IHPOnimiNG  RESERVOIRS 

Drafts  from  Reeervoirs.    Records  for  a  long  series  of  years  or 
Sudbury  and  Nashua  rivers  furnish  accurate  bases  for  determinatior 

Table  33.     Storage  Capacity  Required  to  Sustain  Constant  Daily  Dra 
Sq.  ML  Containing  Various  Percentages  of  Water  Surface* 
(Based  on  Sudbury  Waterbsed,  I875-I890) 


•ilTilS 
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50.630    54,13 
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SI. 303 
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S.'i.WK    58.466 

61.643,   66.051 
73.803|   78,30« 

77.062 

gg.C 

*  5 

66.525,    89.488 

80.312 

00. e 

SO 

103.474 

29.9 

I0a:705  113:781 

132.424 

58. « 

looiasiiiiMiBTz 

134:357  134:937 

161. 37^ 

87. (^ 

fl.S 

114.451  I21.S77 

132.154  142.731  153.307  163.887 

139.950. 150. S27    SI.  1Im'i71.A8|!|82. J57  19S,83t[21B.274 
IrtS.BOOl  179,4771  90.0M;»0.»31  211-207  221.787  280,343 

265.5 

8,0 

199.  IDS  208.427,219.004  244. 41S  270.452  297.480  W5. 643  43«.l 

8.5 

2.W.  328  276.275  302.240  328. 195  354.202:380.557  450.9431521 .4 

334.078  3«l.02S,3rtS.e90  411.94.^  437.952  4SS.B57  536.243  006,7 

voir  storage  and  depletion  for  their  owu  and  similar  watersheds, 
publio  reservoirs  is  practically  constant,  or  increasing  in  a  somewba 

*IUwmit  Mqoc^  nuQwsM^  T.  A.  8.  C.  E..  Vol.  27,  1892,  p.  267, 
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expedient  to  attempt  to  secure  from  a  watershed  more  thaa  80  per  cent.  Ot  the 
average  run-off.  Notwithstanding  this  general  rule,  there  are  exceptionii 
cases  in  which  a  larger  draft  may  be  obtained  at  moderate  cost. 

Table  84.    Increment  in  Storage  Capaci^  Corresponding  to  Increment  in  Dti^r 
Suppl7  from  i  Sq.  Bli.  of  Drainage  Area  Containing  Various  Percent- 
ages of  Water  Surface  (Based  on  Fig.  81)* 


'•""i-^^VrX'^^"- 

ncUooa 

0% 

sci 

10% 

!S-, 

200,000  to    250.000 

7.2 

7,2 

7.6 

7.6 
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8.2 
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300,000  to    350,000 
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8.8 
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9.0 
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9,6 
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10.0 

10.1 
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10.2 
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500,000  to    550,000 

10-9 
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660,000  to     600,000 

11.7 
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14.6 

600,000  to    650,000 

12.9 
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650,000  to     700,000 

14  4 
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21.6 

700,000  to    750,000 

16,3 
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26,6 

750,000  to    800,000 

18.8 

21,7 

26.0 

33.0 

, 

800,000  to     850,000 

22.6 

26.5 

33.0 

430       1 

850,000  to    900,000 

28.8 

35,0 

45.0 

57  0      \ 

900,000  to     950.000 

38.7 

49.5 

62.0 

75.0       \ 

950,000)0  1,000,000 

50,6 

71,0 

83.0 

\ 

1.000,000  to  1,050,000 

74.8 

lOJt.O 

J 

Fig,  31. — ^Storauc  caparity  required  to  supply  various  quantities  of  wltet 
daily  from  one  sijuari;  mile  of  drainage  area  containing  various  percentage!  ol 
water  surfaces.* 

CnnipiHilc  dinirnm  Iwr-.!  nn  Al>)«>tt  Run  lit,  1,).  Smlhurv  nnd  Msnhmn  riven,  Tillotwn  Bmek 
WnthUBClt  rcsMvgir  (Mim,),  N»usBtu.-k  river  IConn.),  Crotun  river  {^^,  V,).  See  Table  34  ul 
Pig.  13.  , 

Impounding  reservoirs  should  be  proportioned  so  that  a  constant  draft  in 
dry  years  will  not  expose  the  margins  below  high-water  mark  for  longer  than 
2  yra.;  otherwise  vegetation  gets  a  strong  start,  and  clearing  is 

•Jl,  N.  E.  W.  W,  A„  IBM. 
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Cloudbursts  seldom  cover  an  area  greater  than  40  sq.  mL  Spillways 
of  small  resen'oirs  must  be  relatively  larger  than  for  large  reservoirs.  Spill- 
ways of  reservoirs  on  small  watersheds  should  be  relatively  larger  than  for  a 
reservoir  of  corresponding  size  on  large  watersheds.  Spillways  for  some 
important  reser\'oirs  were  designed  to  discharge  8  in.  of  run-off  per  24  hre. 
Spillways  of  Scioto  dam  at  Columbus,  and  of  reservoirs  of  the  Croton  and 
Sudbur}'  supplies  were  designed  for  6-in.  run-off;  those  of  Wachusett  reservoir 
for  Boston  and  Catskill  reser\'oirs  for  New  York,  for  8-in.  rui^-off.  Other 
examples  could  be  given. 

Spillways  with  Steep  Slope.  In  determining  widths  of  spillway  at  successive 
sections  for  a  Yuba  River  debris  barrier  (Cal.),  the  depth  was  assumed  constant 
and  velocity,  F„  was  calculated  by  the  following  formula  ("Velocity  of 
Water  Flowing  down  a  Steep  Slope,"  E.  P.  Hill,  in  Proceedings,  Inst.  C.  E., 
Vol.  161  (1904-05),  p.  345),  somewhat  simplified: 


^V=[n-h^-(^,(r'-TV)]* 


where  V  =  Cy/RSy  Chezy's  formula  for  velocity  in  watercourses,  ordinary 
slopes  (see  p.  265). 
F»  =  y/lgH  =  velocity,  due  to  gra\'ity,  of  body  falling  freely  in  vacuum 
Va  —  velocity  of  approach 
e  =  base  of  Napierian  logarithms  =  2.718. 

This  formula  is  based  on  two  assumptions:  that  experimental  values  of  C 
in  Chczy^s  formula  are  applicable  to  high  velocities;  and  that,  within  narrow 
limits,  the  hydraulic  mean  radius  may  be  taken  as  constant  at  its  mean  value. 
Velocity  of  water  in  a  channel  on  a  steep  slope  will  increase  until  acceleration 
is  counteracted  by  frictional  resistance,  when  Y,  =  F.,  and  the  formula  reducea 
to  W  =  F  =  Cy/RS^  as  it  should.  That  this  formula  is  not  limited  to  slopes 
of  small  degree  is  shown  by  the  fact  that  for  high  values  of  5,  as  for  instance 
S  =  0.707  (45®  slope)  or  aS  =  1  (vertical  drop),  substituting  numerical  values 
for  U  and  /?,  reduces  the  expression  to  the  form  F,  =  y/a  +  h  F«*,  in  which 
a  is  but  little  less  than  2gH  and  h  is  almost  unity;  that  is  the  value  of  F,  is 
very  little  less  than  y/2gH  +  F«',  which  would  befits  value  were  it  in- 
fluenced by  gravity  alone.  (H.  H.  Wadsworth,  in  T.  A.  S.  C.  E.,  Vol  71, 
1911.) 

Siphon  Spillways.     The  siphon  spillway,  patented  by  G.  F.  Stickney,  is  a 
closed  conduit  of  an  inverted  U  shape,  extending  through  a  dam  (where  a  fall 
is  available),  which  utilizes  the  siphonic  principle  to  induce  a  high  velocity  of 
flow.     Action  is  entirely  automatic  and  the  flow,  when  established,  is  com- 
parable to  that  through  a  submerged  sluice  gate,  with  a  velocity  from  60  to 
80  fH?r  cent,  of  the  theoretical  velocity  due  to  the  head.     The  crown  of  the 
siphon  is  entirely  above  low- water  level.     The  upstream  leg  is  sufficiently 
long  to  bring  the  iiilot  well  below  the  water  surface  so  as  to  avoid  the  entrance 
of  drift,  ice,  etc.     The  downstream  leg;  is  made  as  long  as  practicable  in  order 
to  take  advantage  of  all  the  head  available.     The  outlet  need  not  be  submerged, 
and  in  many  cases  should  be  open  to  the  air.     Action  is  controlled  by  an  air 
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of  each  siphon.  When  the  water  has  been  drawn  down  to  this  level,  sir  wiD 
enter  through  these  vente,  and  stop  flow  through  the  siphon.  A  little  bekiv 
these  vents,  a  single  opening  of  the  same  siie  ads  as  a  precautionary  vent  to 
break  the  flow  in  case  the  upper  openings  become  clof^sd  in  any  way.  (E.  N., 
Oct.  13,  1910.) 

Tasts  of  sipbonic  spillway  at  the  flume  of  the  Tennessee  Power  Co.,  Ocoee 
rivTr,  Tennessee  (used  to  conduct  away  safely  the  waters  of  the  flume,  carrying 
1200  cfs.,  when  turbine  gates  are  suddenly  closed),  gave  value  of  C  —  0.62  to 
0.65,  in  formula:     Q  =  ACy/2gH.     Q  during  t«st  of  2~siphons  =  423  cfs. 

Head,  H  =  25.5  ft.  Area  of  each  siphon  =  8  sq.  ft.;  A  »  16.  Speed 
of  priming  was  also  determined.  Plant  described  in  E.  R.,  Apr.  18,  1914, 
p.  454.  {W.  P.  Creager,  E.  R.,  May  16, 1914.)  , 


Rear  Elevation 
Fio.  33.— Siphon  Bplllway,  Look  No.  9,  X.  Y.  Barge  Canal. 

Waste  Weir  and  Rise  of  Reservoir.*  The  following  equation  pni 
rise  of  surface  of  reservoir  under  flood  conditions  (prismatic  reservoir,  uai- 
form  inflow) 


( 


I~ 

tnds  for  the  surface  to  rise  from  Hi  to  Ht  as  observed 


Hi  —  depth  in  feet  on  wpir  at  lieginning  of  flood  Sow. 
A    =  ,irca  of  rescn'oir,  square  feet,  at  weir  level. 
/     =  rate  of  inflow,  cubic  feet  per  sec. 

i.  (ipolc.ginal  Survry,  Water  Supply  Piper  No.  150,  i90«. 
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Qi  »  outflow,  cubic  feet  per  sec,  corresponding  to  //i. 
Qs  »  outflow,  cubic  feet  per  sec.,  corresponding  to  Hi. 

Table  S6.    Temporary  Storage  above  Waste  Weir  Crest,  Surface  Area  of 
Resenroir,  Equivalent  Quantity  Collected,  or  Run-o£f,  from  Water- 
shed in  84  Hr8.«  and  Length  of  Waste  Weir  for  Three  As- 
sumed Reservoirs  and  Watersheds,  D,  £,  F. 

Aamimptions: 

Area  of  reservoir,  at  f  sq.  ft.,  )   = 

veir  crest  level  \  acres     /  » 

Ares  of  watershed,  sq.  mi.  » 

Cm  inch  collected  from  water- 

ihed  in  24  hrs.  is  equivalent 

tonin-off  of  26.888  cfs.  persq. 

ml 
OMinch  depth  on  watershed,  cu.  ft.  ^   f    2,323,000        23,232,000        232,320,000 

gals.  "^  \  17,379,000       173,787,000     1,737,870,000 
N^of  shore  line,  or  per-  j    ^^  ^ 

meter  of  reservoir,  at  crest  <  \   .  ' ,  ^  *  ,_ 

Mi.lOy/A  i  "»'•  ^^  "^  '* 

Avenge  slope  of  shores  1  vertical  on  5  horizontal 

A  «  area  of  reservoir  at  level  of  waste  weir  crest. 
p  =  perimeter  of  reservoir  at  level  of  waste  weir  crest. 
H  =  hight,  or  rise,  above  level  of  waste  weir  crest. 
0  «  gain  in  storage  above  level  of  waste  weir  crest. 

Gain  in  storage,  G  «=  AH  +  CJI^-p  (very  nearly)  (1) 

C«  is  a  coefficient  depending  upon  slope  of  shore,  and  in  case  assumed  =  2.5 
(u.,  \  base,  or  horizontal,  of  slope  ratio,  1  on  5). 

Area  of  water  surface  for  any  value  of  i/  is: 

A.  «  A  +  2CJIj)  (very  nearly)  (2) 

For  weir  length,  broad  crest,  Q  =  run-off,  cfs.  (after  steady  conditions  have 

been  attained j^,  =  3.40  L/f*  nearly  enough;  whence  weir  length,  in  feet, 

L  =  Q  -I-  3.40H'  (3) 

Fonnulas,  (1),  (2),  (3),  Tables  35  and  36,  and  Figs.  34-36,  are  useful  for 

<fctouiiing  storage  gained  by  dashboards  or  by  raising  a  waste  weir  or  dam; 

WD-off  required  from  watershed  to  cause  such  gain;  quantity  going  into  tem- 

pwary  storage  during  a  freshet  while  the  head  increases  on  the  waste  weir; 

•iw  length  of  weir  for  given  head  H  and  corresponding  assumed  conditions. 

Koonomic  Lengtii  of  Waste  Weir.    For  a  given  inflow  into  a  reservoir  the 

fed  level  is  a  function  of  the  length  of  the  weir.    The  top  elevation  of  the 

dim  having  not  yet  been  fixed  economically,  and  assuming  the  top  of  the 

dtm  to  be  at  a  constant  distance  above  flood  level,  the  inflow  provided  for  will 

wy  with  assumed  flood  level,  and  consequently  with  the  length  of  weir.     The 

ftonomical  weir  length  will  therefore  be  the  one  corresponding  to  the  minimum 

point  on  the  curve  of  ''hight  of  dam:  total  cost  of  reservoir.*'     In  plotting  this 

eonre,  "cost  oi  reservoir"  should  be  plotted  as  ordinates,  that  is,  to  a  vertical 
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Table  S6.    Temporary  Storage  Above  Waste  Weir  Creat,  Area  of  Water 
Surface.  CorreeponiUng  Run-trft  and  Length  of  Weir 
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bushes  and  shrubs,  and  the  stumps  of  all  vines  having  a  woody  fiber.  Within 
the  areas  ordered  grubbed,  the  stones  of  all  stone  walls  and  stone  fences  shall 
be  scattered.  (Holt  caterpillar  tractors  were  used;  see  Cassier's  Magazine, 
July,  1913.) 

Within  the  areas  ordered  to  be  cleared  all  vegetation  shall  be  cut  off.  Except 
where  a  modification  is  permitted  on  those  areas  which  are  ordered  for  subse« 
quent  grubbing,  the  hights  at  which  vegetation  shall  be  cut  above  the  ground 
are  as  follows:  All  trees  having  a  diam.  of  12  in.  or  more,  12  in.  from  the 
mean  surface  of  the  ground,  shall  be  cut  off  so  that  the  stumps  are  not  more 
than  12  in!  above  the  mean  surface  of  the  ground.  All  smaller  trees  and  large 
bushes  shall  be  cut  at  a  hight  not  exceeding  6  in.  above  the  mean  surface  of 
the  ground.  All  other  vegetation  shall  be  cut  close  to  the  ground.  All  exist- 
ing stumps  not  cut  under  this  contract,  decayed  or  decaying  stumps  mentioned 
below,  standing  more  than  6  in.  above  the  hights  specified  shall  be  cut  to 
hights  required  for  trees.  All  decayed  or  decaying  stumps,  where  the  decayed 
portion  aipproximates  50  per  cent,  of  the  total  original  cross-section  of  the  stump, 
shall  be  broken  off  and  entirely  removed. 

Where  grubbing  is  ordered  on  swamp  areas  drainage  ditches  will  be  ordered 
if  necessary.  Such  ditches  will  be  paid  for.  On  land  which  has  been  culti- 
vated and  on  which  the  principal  growth  of  vegetation  is  grass  or  weeds,  the 
time  of  clearing  may  be  ordered  postponed  until  immediately  prior  to  flooding. 
All  perishable  material  cut  or  removed  or  found  on  the  ground  or  caused  by 
this  work,  shall  be  completely  burned,  or  otherwise  satisfactorily  disposed  of 
outside  of  the  city  land.  The  masonry  portion  of  any  building  shall  be  thrown 
down  and  component  parts  scattered. 

Removing  Excremeniitwus  MaieriaL  Objectional  excrementitious  mate- 
rial will  be  ordered  removed  from  privy  vaults,  barnyards  and  stables.  Such 
material  shall  be  buried  or  otherwise  satisfactorily  disposed  of  downstream 
from  the  dam  or  at  other  acceptable  places  outside  the  watershed.  After 
removal  of  objectionable  material,  the  excavations  shall  be  thoroughly  dis- 
infected by  application  of  hypochlorite  of  calcium.  All  objectionable  material 
ordered  removed  shall  be  transported  in  vehicles  having  tight  bodies  which 
will  not  i)crmit  scattering  of  the  contents. 

The  following  unusxial  points  are  also  included  in  these  specifications:  The 
entire  area  reached  by  the  waves  is  to  be  cleared.  A  marginal  strip  extending 
vertically  from  15  ft.  below  the  normal  flow-line  to  5  ft.  above  is  to  be  grubbed 
as  well  as  cleared.  The  object  of  clearing  and  grubbing  is  to  free  flooded  areas 
of  any  matter  which  might  make  the  water  objectionable.  Horizontal  areas 
are  used  in  estimating  for  payment. 
Table  37.     Bids  Received  in  1912  for  Clearing  and  Grubbing  Ashokan  Reservoir 


Description 


Unit 


Quantity!     1535;* 


Aven|ee 
of  5  bids 


Clearing !      Acre 

Grubbing Acre 

Excavation Cii.  vd. 

Plowing  and  seeding Acre 

Ordered  second  cutting  of  cleared  areas.  :      Acre 
Removing  excrementitious  material  from 

vaults,  yards  and  stables Cu.  yd. 


9,500 

2,400 

40,000 

150 

400 

1,000 


$30.00 
60.00 

0.30 
20.00 

5.00 

5.00 


$36.15 

86.60 

0.70 

36.20 

13.00 

7.00 
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wave  action,  as  seen  at  Wachusett,  but  if  the  material  is  gravelly  or  sandy 
stable  shores  are  soon  established  naturally. 

RESERVOIR  CURRENTS 

Settling  Basin,  Kansas  City,  Mo.  Reservoir  currents  were  measured  in  a 
new  settling  basin  at  Kansas  City,  Mo.,  by  floats  with  vanes  submerged  4  ft. 
and  8  ft.  This  is  a  rectangular  basin,  660  ft.  by  450  ft.,  24  ft.  deep  at  the  toe 
of  brick-paved  slopes  (1  on  3  and  1  on  2),  and  29  ft.  maximum  depth,  with  a 
capacity  of  40,000,000  gals.  Wash  wall,  6  ft.  high,  is  at  the  top  of  the  slope; 
48-in.  influent  pipe  is  at  the  opposite  end  from  the  effluent  system,  which 
consists  of  a  36-in.  pipe  parallel  to  the  short  side  of  the  basin,  from  which  a  48- 
'in.  eflluent  pipe  leads  by  means  of  48-in.  by  36-in.  cross  at  middle  of  side  of  basin. 
Thirty-six-inch  elbow  at  either  end  of  the  36-in.  pipe  and  a  48-in.  45**  bend  at 
the  cross  (throttled  to  30-in.)  provides  three  entrances  for  water.  Started  at 
the  inlet,  an  8-ft.  float  traversed  the  outer  periphery  in  218  min.;  a  4-ft. 
float  traversed  only  the  short  side  adjacent  to  the  inlet,  being  caught  in  an  eddy 
in  the  opposite  comer.  Floats  started  at  mid-basin  circled  around  the  starting 
point  with  a  tendency  to  move  toward  the  perimeter.  There  are  no  baffle 
walls;  tests  showed  little  use  for  them.  Other  tests  confirm  the  complete 
swing  of  currents.     (E.  N.,  Feb.  29,  1912.) 

Erratic  Course.  If  the  effluent  is  at  the  farthest  removed  point  from  the 
influent,  the  best  possible  sedimentation,  theoretically,  will  be  obtained.  Too 
little  is  known,  however,  of  circulation  in  reservoirs,  and  it  cannot  be  assumed 
that  water  moves  with  any  stated  uniformity  from  inlet  to  outlet.  This  is 
especially  true  of  an  immense  body  of  w^ater  (J.  Waldo  Smith). 

The  erratic  course  of  currents  of  water  from  inlet  to  outlet  was  indicated 
by  float  tests  at  Boonton  reservoir,  Jersey  City,  N.  J.,  in  1906.  They  indi- 
cated no  law  whatsoever,  and  on  different  days  under  similar  circumstances, 
floats,  started  at  the  same  point,  would  take  diverse  courses.  The  shape  of  the 
reservoir,  winds,  relation  of  capacity  to  quantity  flowing  through,  convection 
currents  in  water,  and  other  things  affect  the  direction  and  velocity  of 
reservoir  currents. 

SILTING  OF  RESERVOIRS 

In  eastern  United  States  little  silting  occurs.  No  provision  is  made 
against  it  in  most  waterworks.  Most  municipal  reservoirs  have  considerable 
area  and  depth  below  the  lowest  draft  line,  so  a  little  silting  is  not  noticed. 
Kensico  Lake,  N.  Y.,  an  1,800,000,000-gal.  reservoir  completed  in  1884,  silted 
about  3  per  cent,  in  23  yrs.  Samples  taken  from  four  scattered  points,  Feb.  27, 
1907,  indicated  that  the  deposit  above  the  original  bottom  averaged  6  in., 
(max.  18  in.)  partly  of  organic  growth  from  the  overlying  water,  but  principally 
soil  washed  in;  analyses  showed  loss  on  ignition  from  6  to  13  per  cent.,  averag- 
ing over  10  per  cent.  (Report  by  A.  Hazcn  and  G.  W.  Fuller,  Apr.  30,  1907.) 
Williamsbridge  and  Jerome  Park  reservoirs,  storing  water  which  has  already 
stood  in  larger  reservoirs,  show  an  accretion  of  |  to  J  in.  of  silt  per  year.  They 
are  concrete  lined.  (E.  X.,  Dec.  31,  1914.)  Beaver  Dam  Creek,  North 
uolina,  brought  down  12,000  cu.  yd.  of  sediment  in  1  yr.  (by  cross-sections 
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Table  40.  Velocities   Required  to   Move   Solid   Particles  in   Water 

Approximate  velocity  required  on  bottom 

Kind  of  material  Ft.  per  sec.  ML  per  hr. 

Fine  clay  and  silt 0. 25  i 

Fine  sand 0. 50  J 

Pebbles,  J  in.  in  dam 1.00  J 

Pebbles,  1  in.  in  diam 2.00  IJ 

Removal  of  Silt  by  Sluicing.    Tbe  oldest  means  for  cleaning  silt  from  reser- 
voirs is  a  scouring  gallery,  known  as  a  Spanish  gate.     It  consists  of  an  under- 
sluice  with  an  opening  at  the  upstream  end  from  3  to  10  ft.  high,  and  from  3  to 
10  ft.  wide.    This  opening  is  situated  at  the  bottom,  on  line  with  the  bed  of  the 
original  stream.    Its  size  gradually  increases  downstream;  it  is  closed  by  a 
wooden  door,  supported  by  horizontal   timbers   set  in  apertures.    Above 
the  undersluice  is  a  gallery,  about  3  ft.  wide  and  7  ft.  high,^  closed  at  the  upper 
end  and  open  at  the  lower  to  allow  workmen  to  enter.     It  is  connected  with  the 
undersluice  by  an  opening  2  ft.  in  diam.  near  the  door.     When  the  reservoir 
is  empty,  the  wooden  door  is  put  in  position  from  the  lower  side,  supporting 
timbers  are  placed,  and  the  whole  door  well  calked.    When  it  is  desired  to  rid 
the  reservoir  of  silt,  men  enter  through  the  gallery  and  cut  the  supporting  tim- 
bers.    The  solidified  mud  generally  holds  the  door  in  place  and  so  a  long  iron 
pole  is  used  from  the  top  of  the  dam  to  loosen  the  silt.    Then  the  door  is  swept 
out  together  with  the  accumulations.     Whatever  silt  is  left,  is  shoveled  into 
the  stream.    This  scheme  was  used  in  the  Mercedes  dam,  Mexico,  with  the 
following  modifications:  The  outlet  consists  of  a  stone  culvert  with  semicircular 
arched  roof,  about  8  ft.  high  and  6  ft.  wide.     Over  this  outlet  rises  a  rectangu- 
lar tower,  built  against  the  upstream  face  of  the  dam,  and  extending  above  it 
At  the  base  of  the  tower  on  the  outside  is  a  6-ft.  circular  sluice  gate,  operated 
from  the  tower;  inside  is  a  similar  gate,  5  ft.  in  diam.     By  filling  the  tower 
through  small  openings,  pressure  on  the  outside  gate  is  relieved  and  it  can  be 
raised.     The  inside  gate,  which,  being  accessible,  can  be  kept  well  oiled,  may 
now  be  raised;  the  silt  is  carried  out  with  the  water.    This  method  wastes 
great  quantities  of  water,  and  docs  not  effectively  remove  all  silt.  (W.  D'Rohan, 
Eng'g-Contr.,  Jan.  11,  1911.) 

Limits  of  Sluicing.  The  removal  of  silt  by  sluicing  is  impossible,  exceptior 
the  limited  area  adjacent  to  the  sluice  gates.  In  large  reservoirs,  the  greater 
portion  is  dropped  beyond  the  influence  of  sluice  gates,  nor  would  much  silt  be 
disturbed,  were  the  whole  dam  removed  by  a  wash-out.  When  the  Austin, 
Texas,  dam  failed  the  reservoir  was  so  silted  that  its  capacity  was  but  60  per 
cent,  of  the  original.  Verj-  little  sediment  was  removed  under  these  unusually 
favorable  conditions.  This  might  be  explained  by  the  fact  that  the  eroding 
power  of  water  varies  as  the  square  of  the  velocity,  and  the  transporting  ca- 
pacity as  the  sixth  power  of  the  velocity.  The  fall  in  velocity  when  a  stream 
empties  into  a  reservoir  causes  a  deposition,  which  will  require  a  much  higher 
velocity  to  pick  up  again.     (J.  L.  Campbell,  Eng'g-Contr.,  Jan.  25,  1911.) 

Prevention  of  Depositions.  J.  D.  Schuyler  recommended  for  the  Mercedes 
dam  a  series  of  small  dams  above  the  main  dam,  to  partially  precipitate  silt. 
Bhatgarh  dam,  India,  besides  two  overflow  waste- weirs,  has  fifteen  imder- 
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maple.     White  pine  grows  in  almost  any  kind  of  soil.     It  is  desirable  for  f orrist- 
ation  on  account  of  its  ease  of  production  and  value. 

See  also,  ** Reforestation  of  Watersheds  for  Domestic  Supplies, "by  F.W. 
Ranc,  Mass.  State  Forester;  "Practical  Forestry  for  Water  Works,"  by  E.S. 
Bryant.     Jl.  N.  E.  W.  W.  Assn.,  1911. 

Field  Work.  W^hen  buying  trees  and  seeds,  American  species  should 
always  be  given  preference,  as  foreign  stock  has  brought  diseases  and  insects 
of  most  damaging  kinds.  The  long  duration  of  travel  is  hard  on  the  stock. 
The  most  durable  kinds  of  wild  stock  to  transplant  are  white  and  red  pine, 
spruce,  hemlock,  balsam,  oaks,  luckory,  maple  and  basswood.  Transplanting 
of  conifers  should  begin  as  soon  as  frost  is  out  of  the  ground,  and  may  continue 
until  the  buds  begin  to  swell.  Conifers  should  not  be  more  than  2  yrs.  old 
for  economical  handling,  as  they  have  long  straggling  roots.  Seed  beds  should 
be  enriched  by  good  fertilizer,  well  rotted  bam  manure  being  the  best.  Com- 
post heaps  of  manure  and  earth  should  be  made  each  year,  which  will  rot,  with- 
out leaching,  3  yrs.  before  using.  The  addition  of  unleached  hardwood 
ashes  is  always  valuable. 

Best  trees  for  ornamental  planting  are:  For  avenues,  Norway  maple, 
pin  oak,  English  linden,  oriental  plane,  elm  and  sugar  maple.  For  screens, 
white  pine,  Norway  pine,  Scotch  pine,  Austrian  pine,  hemlock,  white  spruce, 
Norway  spruce,  Douglas  spruce.  North  Carolina  poplar,  Lombardy  poplar, 
willow  and  white  birch.  For  settings  for  buildings,  red  cedar,  hemlock, 
Lombardy  poplar,  Norway  spruce,  white  spruce,  larch,  beech,  oak,  tuUp  and 
maple.  For  park  purposes,  various  shade  trees  should  be  used  and  evergreou 
named  above;  for  shrubs,  preference  should  be  given  to  those  having  berrio, 
colored  barks,  and  fine  foliage  rather  than  floral  display,  although  beautiful 
flowers  when  combined  with  other  good  qualities  are  desirable. 

Grassing  Cuts.  For  grassing  cuts  and  fills  along  highways,  etc.,  use  sand 
clover  jis  well  as  white  clover  in  sandy  places.  Honeysuckle,  ivy,  and  some 
other  vines  for  slopes,  require  less  care  than  grass  and  permit  less  growth  of 
weeds. 

Grassing  Embankments.  For  binding  embankments,  where  firm  tuif  if 
recjuired,  Coucli  or  Witch  grass  is  adai)ted  to  Northern  and  Middle  Statei; 
there  are  a  number  of  forms,  all  good  hay  grasses;  objectionable  in  fallow  laodl 
owing  to  rootstocks.  Couch  grass  makes  verj'  tough  sod,  especially  valuaUe'| 
in  binding  canal  banks.  Hungarian  Brome  forms  a  good  turf,  but  the  creeping 
rhizomes  (rootstocks)  are  not  as  strong  as  in  couch  grass.  In  southern  stately 
Johnson  or  finer  Bermuda  grasses  succeed  better  than  Couch  grass.  JohnBan 
grass  produces  a  mass  of  widely  creeping  strong  rhizomes,  which  are  hard  to 
eradicate  after  they  have  once  filled  the  ground.  Bermuda  grass  does  not 
penetrate  as  deeply  as  Jolmson;  in  sandy  soils  it  succeeds  better;  is  of  great 
value  as  binder  on  sandy  Icvccs;  and  one  of  best  pasture  grasses  of  the  SoutL 
If  land  is  moist  and  soil  clayey,  knot  grass  may  be  substituted  for  Bermuda;  ] 
not  injured  by  moderate  submersion;  is  useful  as  covering  for  silty  depoaiti 
on  banks.  Best  method  of  starting  a  growth  is  transplanting  rootstocks.' 
Following  sp<M'ificati()n  is  from  John  H.  Gregory:  Surf  ace  shall  be  carefully 
prepared  and  raked  over,  then  use  at  least  50  lb.  grass  seed  per  acre,  mixtura 
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and  the  character  of  the  earth  were  such  as  to  retain  water,  the  standing  water 
injured  the  grass. 

Examination  of  the  grass  growing  on  embankments  led  to  the  suggestion  of 
a  simpler  mixture,  containing  two-thirds  red  top  seed,  and  one-third  perennial 
rye  grass,  with  a  small  addition  of  white  clover.  Red  top  of  good  vitality 
should  give  satisfactory  germination  in  soils  ranging  from  moist,  rich  loam  to 
relatively  dry  clay.  For  places  without  top  soil,  red  and  Bokhara  clover 
may  succeed;  the  function  of  the  red  clover  (which  winter-kills)  is  to  grow 
up  and  form  a  root  substance,  which  may  serve  as  food  for  the  second 
season's  growth  of  Bokhara.  Sow  in  late  March  or  early  April,  at  the  rate 
of  10  to  15  lb.  per  acre. 

Prof.  E.  G.  Montgomery,  N.  Y.  State  College  of  Agriculture,  Cornell  Uni- 
versity, recommends:  (a)  for  top  soil  of  fair  quality,  4  or  5  in.  thick:  red  top 
(hulled)  8  lb.  per  acre;  Canada  blue  grass,  15  lb.  per  acre;  Kentucky  blue,  15  lb. 
(b)  For  fairly  good  top  soil,  but  liable  to  wash,  add  10  lb.  of  annual  Italian 
rye  grass,  which  persists  2  yrs.,  forming  a  sod.  (c)  For  very  thin  top  soil, 
sow  Quack  grass,  but  only  as  a  last  resort,  as  it  has  no  value  for  hay,  and  is  a 
menace  to  neighboring  hay  crops.  Alfalfa  is  not  likely  to  prove  of  value  as  it 
is  expensive  to  seed,  does  not  form  good  sod  quickly,  and  dies  out  unless  cut 
regularly. 

Volumes  of  Prismoidal  Tanks.  For  tanks  having  uniformly  sloping  sides, 
and  level  bottoms,  McLean  has  worked  out  the  following  method  of  finding 
partial  volumes.  Divide  into  equal  niunbers  of  zones,  each  of  depth,  H. 
Find  volumes  of  lowest  two  zones  by  usual  computation,  and  compute  dif- 
ference. Second  difference  is  constant;  for  frustrum  of  pyramid.  =  SStsM^l 
for  frustrum  of  cone  =  6.283  srH^,  5,,  5,  and  ««  =  ratio  side  slopes,  end 
slope  and  conical  slopes,  respectively.  To  first  differences  add  second  differ- 
ences successively,  getting  first  differences  for  each  zone,  and,  by  successive 
adding,  the  volume  of  each  zone.  Example:  Rectangular  reservoir,  with 
all  slopes  1  on  2.  Bottom  dimensions,  286  X  135,  depth  14  ft.;  find  contorts 
of  zones  6  in.  deep.  Second  difference  =  8X2X2Xi  =  4.  Computation 
of  lowest  two  zones  gives  volumes  of  19,516,  and  19,941,  with  first  diffe^ 
ence  of  425.  Then  successive  first  differences  are  425,  429,  433,  437,  etc 
Tabulation  would  be  as  follows: 


Zone                           iSt'cond  difftTence            First    difference                     Voliunet 

0     -0.5                                      4.0                 

19,516 
19,941 
20,370 
20,803 

0.5-1.0                              4.0                            425 
1.0-1.5               i                4.0                            429 
1.5-2.0              !                4.0                            433     ' 

E.  X.,  Jan.  25,  1912. 


Reserve  Storage.  In  operating  the  Croton  reservoirs  of  New  York  City's 
water  system  tlic  quantity  of  water  in  st()rajj:e  is  not  allowed  to  become  less 
than  a  quantity  which,  added  to  the  lo\ve,st  run-off  recorded  for  a  year, 
would  equal  the  anticipated  consumption  for  such  year.  (W.  W.  Brush, 
'   N.  E.  W.  W.  A.,  1913.  p.  424.) 


116 


WATERWORKS  HANDBOOK 


Carry  foundations  deep  enough  to  insure  stability.     (8)  If  the  dam  is  crit> 
ally  located  in  respect  to  a  community,  allow  an  ample  factor  of  safety. 

Wind  Pressure  on  Dams.  Wind  pressure  on  the  upstream  face,  reser- 
voir empty,  is  very  much  less  than  that  of  water,  reservoir  full,  and  the 
pressure  of  the  wind  on  the  portion  above  full  reservoir  level  is  much  lesi 
than  the  amount  necessary  to  allow  for  ice  action,  while  if  a  strong  win4 
arose  with  ice  covering  the  reservoir,  the  wind  would  probably 
prevent  the  temperature  of  the  ice  from  rising  to  32°,  thus  pre- 
venting maximum  ice  pressure.  Friction  of  wind  on  the  ice 
would  increase  the  thrust  slightly. 

As  to  pressure  on  the  downstream  face,  calling  normal  unit 

pressure  of  wind  $,  for  a  simple  Manffular  profile,  the  resultant 

pressure,  above  surface  of  ground,  reservoir  empty,  will  shift  to- 

^ward  the  back,  Cv 

eHiZVp  -  \-J 
z  =  - 


A9H 


3aH  +  6$ 


470//  +  %e 


(very  nearly  for  ordinary  weights  of  masonry).     Assume 

jj: Vgx  ing  the  normal  pressure  at  80  lb.  per  sq.  ft.  (an  extreme 

value,  corresponding  to  a  wind  velocity  of  100  mi.  per 

OOJ/ 

hr.,  in  a  direction  normal  to  the  face),  x  «=  aiha-AA 

g^li,  however,  direction  of  wind  is  horizontal  (and  it 

is  probable  that  in  case  of  dam  situated  in  % 

comparatively  narrow  gorge  it  has  an  upward 

...  551.5 '_ - \/os  rather  than  a  downward  tendency)  with  same 

wind  velocity,  normal,  pressure  would  be 
—  57 1 \j,s  ^  =  80  X  sin«  0. 

and  value  of  x  would  become 
-X/^5     h2H 


Fkj.  37. 


470if +80^®^™^*^  ^^  ^***®  ^^^ 
In  Fig.  37  or  any  similar  pro- 
file, shifting  of  resultant  pressure 
due  to  wind  will  not  cause  it  to  leave  the  middle  third  for  the  portioft 

having  the  top  width  B  until  hight  A  is  >  «—  = or  for  Pig.  37  until  ff 

is  260  ft.  Below  this  hight,  x  for  such  a  profile  will  lie  between  the  two 
values  found  above  for  the  triangular  profile,  being  probably  nearer  the 
second  values  than  the  first.     Therefore,  all  wind  pressures  may  be  neglected.  \ 

Upward  Water  Pressure.  Eight  cases  may  be  assvmied:  (a)  No  upward 
pressure,  i.e.,  masonry  and  underlying  rock  impermeable.  (6)  Upward 
pressure  =  ^  at  heel,  zero  at  toe,  and  varying  uniformly  between,  uniformly  ; 
distril>utcd,  and  exerted  upon  one-third  area  of  joint,  (r)  Same  as  (6)  but 
exerted  upon  two-thirds  area  of  joint,  ((f)  Same  as  (6)  but  exerted  upon 
ill  area  of  joint,     (e)  Uniform  upward  pres.sure  =  h  exerted  upon  full  area 
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1  ,^le  41.    Effect  of  Upward  Water  Pressure,  as  shown  by  Change  in  Position 
of  Resultant  Reaction,  and  Variation  in  its  Intensity  at  Toe  of  Joint 
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Table  41. 

Effect  of  Upward  Water  Pressure.— 

■{Continued) 
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*Ooly  quantities  marked  *  are  changed  in  lower  part  of  tabic.     Upper  figures  in  "r"  column 
"«,**  "/t"  *'irt"**A,"  show  correction  for  neglecting  proportion  of  pressure  at  toe  directly 
iracted  by  back-water  pressure.     Atrial  profile  for  Wachusett  dam  (sec  p.  100)  was   used 
for  abore  computation.     Ice  thrust  (horisontal)  »  47,000  lb.     Back-water  level,  from  which  h'  ia 
1,  138  ft.  below  top.     Water  level  and  ice  15  ft.  below  top.     List  of  symbols,  p.  128. 
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of  joint.  (J)  Upward  pressure  =  A  at  heel,  A'  at  toe  (backwater,  or  assumed 
ground- water  level  is  h'  above  joint)  varies  uniformly  between,  is  uni- 
formly distributed,  and  exerted  upon  one-third  area  of  joint,  (g)  Same  as 
(/)  but  exerted  upon  two-thirds  area  of  joint,  (h)  Same  as  (/)  but  exerted 
upon  full  area  of  joint.  Computations  in  Table  41,  shown  in  columns,  a  to 
h,  correspond  to  cases  a  to  A  res[)ectively.  When  u  is  less  than  Z  -s-  3,  upstream 
part  of  the  joint  for  length  =  Z  —  3ii,  being  in  tension,  according  to  the  trape- 
zoidal law,  is  supposed  to  be  open  and  so  to  be  subjected  to  full  reservoir  pres- 
sure, for  the  upper  half  of  Table  41,  but,  in  the  lower  half,  the  joint  is  sup- 
posed not  to  open  under  tension.  Latter  assumption  is  made  to  avoid  com- 
plication introduced  by  considering  /  —  3u  to  be  under  full  head,  so  that  the 
effect  of  a  given  upward  water  pressure  exerted  upon  increasing  proportioDB 
of  area  of  joint  may  be  more  clearly  seen. 

Earth  Filling  on  Toe.  An  advantage  of  an  earth  fill  over  the  toe  is  the 
diminution  of  the  effects  of  temperature.  As  the  lower  part  of  a  dam  carries 
the  higher  unit  compre:?sive  stresses,  the  earth  covering  may  be  a  distinct 
safety  factor  in  high  dams.  Some  engineers  have  advocated  covering  a  large 
portion  of  the  downstream  face  of  a  dam  in  this  way,  where  conditions  are 
suitable.  Incidentally,  the  covered  portions  of  the  masonry,  of  whatever  kind, 
need  no  finish  and  so  a  small  sa\nng  can  be  effected. 

ICE  THRUST  ON  DAMS 

Force  Exerted.  Ice  is  often  injurious  to  dams,  especially  to  dams  of  inflex- 
ible materials.  Several  reinforced-concrete  dams  of  the  buttress  type  were 
badly  damaged  in  winter  of  190S  by  ice  expansion.  While  in  rare  instances  the 
river  may  be  so  narrow  that  the  shores  take  the  thrust,  usually  the  dam  creates 
a  large  reservoir  and  makes  an  ideal  ice  field.  Various  authorities  place  the 
shoving  force  of  a  field  of  ice  at  12  to  25  tons  per  sq.  ft.  Modulus  of  elasticity 
of  ice  is  about  ISO.OCK)  to  3G0,(XK)  lb.  ix?r  sq.  in.,  and  maximum  expansion  due 
to  temperature  0.00025  to  0.000(>G  ft.  per  ft. 

At  Waldron,  HL,  a  new  dam  was  built,  about 
50  ft.  billow  an  old  one,  the  old  dam  not  being 
disturbed.  Much  trouble  had  been  experi- 
enceil  on  the  old  dam  from  ice  thrust,  but  aft«* 
building  the  new  dam,  the  water  passing  over 

Fi^T^S  ^^^  ^^  ^P  '^'^^'^  ^  current  that  no  ice  could 

form  l>etween  them.  This  indicates  a  way  to 
prevent  ice  from  injuring  a  dam.  Another  is  to  keep  a  channel  a  few  feet 
wide  cut  clear  across  the  river  and  just  above  the  dam.  This  channel  may 
\)Q  fille<l  with  manure  and  covorcd  with  canvas  to  prevent  freezing  (see  Fig. 
.':J^'.  Tliis  method  w:is  adopteil  at  Mazeppa.  Minn.,  where  3G-jn.  ice  ia 
comm«:)n.  It  woikod  ix^rfortly.  i^Obviou<ly  this  method  is  not  suited  to  a 
waterworks  reservoir.)     {l\.  C.  Reardslov,  in  K.  X.,  Apr.  23,  1908.) 

At  Minneapolis,  the  ininiiuuni  tcniixTaturo  Feb.  4  to  15  inclusive,  1899, 
during  injury  to  dam.  was:  Feb.  4.  —14^  F.:  5.  —  15';  6,  —  14**;  7,  —  17®; 
8,    -29.5^*9,    -33.5":    10.   -  22.5":  11.    -31°;   12,    -20**;   13,    -8**; 
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TEBftPERATURE  EFFECTS  AND  REMEDIES 

• 
Experiments:    (a)   By  Thos.   U.  Walters,  architect,  made  at  Girard 
College,  during  erection  in  1836  and  1837  (Joum.  Franklin  Inst.,  Vol.  26; 
Vol.  22,  New  Series),     (b)  By  Reuben  Shirreffs,  at  Boston,  on  a  block  of  con- 
crete.   In  Girard  College  experiment  a  maximum  and  a  mininiiifn  thermome- 
ter were  built  into  the  middle  of  a  brick  wall  5  ft.  5  in.  thick,  eaposed  on  one 
side  to  the  outer  air  and  on  the  other  to  the  interior  air,  there  being  no  artificial 
heat,  and  only  the  protection  afforded  by  a  temporary  roof.    After  an  entire 
season,  the  maximimi  thermometer  registered  61**  and  the  minimum  42^,  ft 
variation  of  19^.     Monthly  mean  temperatures  of  air  for  ^-ears  1836  and  1837, 
according  to  records  of  Penn.  hospital,  Phila.,  are:  minimum,  26**  and  maximom 
74**.     Extreme  temperatures  of  any  day  are  given  as  —3**  and  94**  F.    Shirreffs 
(I SOS)  applied  hot  water,  of  179®  mean,  with  extreme  variations  less  than  6", 
to  tjuo  end  of  a  concrete  block  6  in.  square  and  30  in.  long,  for  45  hrs.    The 
iithor  oiui  w:u«  exiH>sed  to  a  mean  temperature  of  68 J**,  the  minimum  being 64* 
and  t  lu»  maximum  73®.    The  temperature  of  the  block  at  the  beginning  was65^ 
and  it  was  prutiH'tiHl.  except  at  the  ends,  by  3  in.  of  carbonate  of  magnesift. 
TiMiiptTaturt*  was  ol>ser\'ed  at  frequent  inter\*als  at  5  points  through  holes 
fdriiUHJ  in  the  bkn^k  to  its  middle.     From  these  experiments  (ratio  of  condu^ 
tivity  of  rubble  to  that  of  brick  lieing  taken,  from  Taschenbuch  der  HQtte,  ftt 
from  I.StJ  to  :uyO):  {{)  \  rubble  wall  12  ft.  thick  will  be  equivalent  to  a  brick 
wall  ">  ft.  5  in.  thick,  and  under  the  face  temperature  variation  (Oi  from 
winttT  Xo  summer  of  4S^,  variation  at-  middle  of  the  wall  (tm)  will  be  I9*i 
as  in  the  CJirard  College  experiment.     (2)  For  other  seasonal  variations,  but 
still  the  siime  on  lx)th  faces,  the  variation  at  the  middle  will  be  proportional, or 

19 
for  the  12  ft.  wall,   /•  =  ^^ /.  or  say  /«  =  0.4/.     (3)  For  other  thicknesses, 

2/-.  lH)th  faces  l>eing  exiH>seil  to  same  variation,  variation  at  middle  ^ill  be 

19      /12\s 
inversely  projxjrtional*  to  square  of  thickness,  or  /«  =  v^  /  (of)     ^^  '■  * 

57    / 

"f  . '    W  ^Vhen  variation  of  external  temperatures  is  not  the  same  on  the  two 

exposed  faces,  the  internal  change  will  be  minimum  at  a  point  such  thatLi*:I«i 
=  ^  :  /o;  I'Q  iind  /..  being  the  distances  to  this  point  respectively  from  faces 
exposed  to  temj)eratures  ^o  and  t\ :  it  may  lie  calculated  by  inserting  in  formula 
l3)  either  t^  alone  with  Ao  or  /•  along  with  /-i.  for  /  and  L  respectively,  bothgiv- 

ingthesame  t^.    Sinc<^2/.  =  Lq  -f-  /.:.    /-i  =      "  "  -    ■    (5)  The  average  tem- 

perature  variation  thrnushoiit  tho  wall  will  bo:  t^  =  0.7S/„  -|-  0.22/  and  t»f 
iJ.TSt^  4-  0.22  (  '  l'^~_^  J     )•  for  ciiiial  aiul  unequal  variations  on  the  two 

fa'ces.  Near  the  fac».-  of  portitnis  of  the  wall  exposed  to  the  air,  variations  will 
he  greater  at  tinu-s  and  less  at  other  times,  owing  to  constant  fluctuations  of  air 
teiiii>eratures  ahove  and  iielow  tlie  average.  Intluonee  of  rapid  changes  does 
not  |>e  net  rate  to  great  depth,  and  i<  comprised  in  the  method  used.     Slight 

•  ..Miilter  u(  jii.istn<"iit  by  RcuU'n  Shirreff.-  ' 
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'■.:'  *::h  =12*  ssii  lenzth  :r.:t:  i.  ^rr.ill  ohisare  in  temperature  causes  meai 
■::.in2e  ir.  ele^.^Trioiu  r»f>:f:^:::r.  -arioh  15  indicaied  by  the  galvanome 
:>-".e:-.r-;  "' y  a  trlrpr.  r.e  ly  r:;':'v:r.i:  ".ho  pointer  of  a  WTieatstone  bridg 
:"r.^  -:l-:i.':  p«::r.:  :>  re^ioLe:.  E;i:r.  -xil  :>  enolv'soil  in  a  brass  sheath  aboi 
•L;in.  ar.  i  S  in.  l-.-ns:.  T'>  ::.o  <er..s::iv^  c-  il  L*  seouroly  soldered  a  cable  c 
li"-rti  *1^  copper  wir^  pr  »:>■:  ly  i  Ua-i  eovering  about  A  in.  thick 
■ -ih'.e  -arrizhis  ippMxir/.iiir'.y  ^  .'■■  ;>'^  ''"■  The  equipment  consists  of  se 
c.Q  rn.'r.'T'i'.ie'.i  in  the  R::us.-^r>- ay.io-r.r.rvr^i  by  cables  leading  throu 
rr.i-^.r.rji-  *.:•  :r'ri::ir.:i*.  l->ari>  :i:  :-:.vr:i:o:i.:  place?  where  imiicating  instn 
::.iy  r.^  aViohei  ar.-i  obfcrwi::.  :■<  t^ikt-n.  See  also  E.  X.,  Dec.  10, 
For  drr-.:T:p::vn  of  e".o.".rio  Thvrr-i-.nit'.ors  u^^ed  in  Arrowrock  dam,  see 
Am.  S.h:.  C.  E..  V..I.  7\K  Ivlo.  r>.  12-J7. 

Temperature  Cracks  in  a  Large  Western  Dam.  Slight  cracks  dev 
early  in  some  large  dam?  are  l»el:ovev.i  :o  indii^axe  that  rapid  progress 
deoi-ie«i  i:i3ue:ice  uix^r.  :ho  ir*:orlor  :ompora::ire  of  a  mass  of  cement  ma 
and  :ho  dovolopmer.:  o:  cor. :r:io tile  <:ro<so>  early  in  the  life  of  the  stri 
espt-rialiy  when  m:i>oriry  is  pl:iOtti  wiioliy  vluring  successive  warm  seaso 
interrupted  during  interver.ir.c  wir.:or«.  Obser\*ation3  of  temperature  i 
Im«  tif  pipe  embi\idol  ii\  a  large  western  dam.  and  on  top  of  concrete 
protecrive  coverii^g.  iniiio:;^^!  :ha:  maximum  tomj^^eratures  of  not  less  th: 
F.  were  attained  in  from  4  :o  10  day>.  maiiitainevl  as  high  as  90°  F.  for  a 
wee.Ks.  pradually  o^H.^linc  viown  to  normal  in  4  to  1>  weeks.  High  interic 
perarures  htq  devoIt>|H\l  irre^ixvtive  of  atmospheric  conditions;  hence,  cc 
whilr:  ?!till  grteii  and  in  semiplastio  oo!idi:ion  i<  expanded  to  its  greatest  p 
volunie.  Then  In^fore  attaiiiing  full  strength,  it  is  subject  to  violent  c( 
tiK-  Stresses  atteiidiin:  uixm  its  r:ipid  approach  to  winter  temperature. 

Longitudinal  Cracks.  It  has  heen  suggest eil  that  alternate  sectioi 
n.'i.-on.n*  il;im  hetwt*en  transverse  expansion  joints  might  be  built  to  t 
l<ff-:ore  intorvenini:  ones  are  startt\i  or  jniilt  to  any  hight.  Since  sectioi 
b  iiit  '.vill  (no!  be:\'re  the  intorvrnini:  ones  are  built,  intervening  sections 
k^:yf-'l  t,,  T  j^f.  oj.ier  ories.  but  whih'  >t»tti:ii:  will  be  at  much  higher  tcmperj 
d'lfr  Uj  'hfiiiiL-al  actiun.  When  tiu-y  o>ol.  they  will  attempt  to  contrai 
will  ijf;  ronstrainc'i  by  the  vortiral  tongue  and  grvH've.  and  probably  wiU 
ioi.iriVidinally  (.parallel  to  length  oi  dam\  in  large  dams. 

Temperature  Reinforcement,  Cross  River  Dam.  One  and  one-fourt 
-'f{::iTf-  <x*'iA  }>ars  were  placed  in  liurizontal  layers  in  the  upper  30  ft. 
riifn'^inc  at  the  t«»p.  these  layers  included  t»  rows  of  rods  in  each  of  the 
r-our-'r-,  5  in  the  third  and  fourtii.  4  in  the  lifth,  and  2  in  the  sixth. 
thMf-=,  t*-mper:iture  craik<  aj^pi'ared.  three  extending  70  ft.  from  tl; 
and  a  fourth.  43  ft.  The  crack^  were  widest  at  the  top:  total  opei 
rdN-rar^ks  was  |  in.  (IreaTr^t  h'aka::e  was  '2:\.\)  gals,  per  min.  Crack 
calkf.d  on  th»'  up-trrani  fare  with  lead  woul  anil  grouti»d.  Leakage  \ 
down  TO  2  lmIs.  ])«t  itiin.  and  was  uradually  diminishing.  No  horizontal 
inn  wa- in'li'-:itr'l.  (."p'ton  Falls  dam  was  reinforced  (see  p.  ISi^),  but 
major  and  >«'.■•  ral  ininnr  cra<k<  afur  the  si-cond  winter  following  comj 

Temperature  and  Disintegration  Allowance.  A  convenient  method 
ing  account  of  temperature  elTects.  possible  disintegration  due  ot  free 


124  WATERWORKS  HANDBOOK 

masonry  than  the  interior,  or  by  the  expansion  oi  the  masonry  in  warm 
weather,  or  possibly  when  wet  and  frozen. 


COMMENTS  ON  UPLIFT,  EARTH  AND  ICE  PRESSURES,  AND 

FOUNDATIONS* 

High  dams  on  good  foundations,  in  design  of  which  no  uplift  was  directly 
considered,  have  stood  for  years.    The  amount  of  uplift  should  be  taken  in 
increasing  order  for  granite,  sandstone,  stratified  rock  with  horizontal  seams, 
earth  and  gravel.     When  saturated  earth  rests  against  the  dam,  it  is  a  common 
error  to  find  the  weight  per  cu.  ft.  of  earth  in  water,  by  subtracting  from  its 
weight  in  air  the  weight  of  a  cu.  ft.  of  water;  if  the  weight  of  earth  in  air  is  100 
lbs.  per  cu.  ft.,  the  weight  in  water  will  be  100  —  62.5  =  37.5  lbs.    Assume 
that  the  earth  has  40  per  cent,  voids;  then  1  cu.  ft.  contains  0.6  cu.  ft.  of 
solids,  and  the  buoyant  force  of  the  Wat«r  is  the  weight  of  an  equal  volume 
of  water,  or  0.6  X  62.5  =  37.5  lbs.;  hence  the  true  weight  of  the  earth  in 
water  is  100  —  37.5  =  62.5  lbs.    In  computing  thrust  due  to  saturated  earth 
against  a  dam,  this  weight  must  be  used  if  the  full  head  of  water  is  supposed  to  act 
on  the  dam  to  the  bottom  of  the  earth,  and  this  weight  should  be  added  to  the 
water  pressure.     (Wm.  Cain.)    See  Fig.  46  for  an  illustrative  diagram  of 
pressures.    This  detail  should  receive  consideration  if  any  relatively  large 
depth  of  earth  is  to  be  refilled  or  embanked  against  the  upstream  face  of  a 
masonry  dam,  as  is  not  uncommon,  particularly  with  non-overflow  dams.    If 
earth  be  selected  and  thoroughly  compacted  in  thin  layers,  tight  against  the 
dam,  the  pressure  may  be  less  than  the  fluid  pressure  of  ss^turated  earth  above 
indicated.     With  deep  foundation  and  high  ground  water,  saturated  eartli 
pressures  will  need  attention  at  the  downstream  toe. 

Austin,  Pa.,  dam  did  not  go  down  into  rock,  but  only  rested  on  of  ne»r 
surface.  These  rock  layers  were  nearly  horizontal,  from  2  to  6  in.  or  more  ^ 
thickness,  and  parted  by  unctuous  clay.  The  coefficient  of  friction  betwe^** 
two  surfaces  of  rock  separated  by  clay  or  soft,  wet  shale  may  not  be  more  th^^ 
from  0.3  to  0.5,  while  the  dam  would  probably  have  failed  if  the  coefficieii* 
had  been  0.55.     (Descriptions  in  E.  N.,  Oct.  5,  1911;  E.  R.,  Oct.  7,  1911.) 

If  a  dam  is  built  of  good  concrete  or  other  masonry  with  good  Portlax*" 
cement  mortar,  and  section  is  ample,  there  is  no  danger  of  defects  occurring  ^^ 
structure  itself  which  will  cause  failure,  such  as  temperature  cracks  or  cracits 
due  to  placing  new  work  on  work  which  has  been  finished  for  ^  considerable 
time.    These  should  be  provided  against  so  far  as  pxossible,  but  they  have  nev^r 
been  known  in  themselves  to  cause  failure  of  dam  or  retaining  wall.    If  a  dan^ 
without  reinforcement  were  finished  in  wann  weather,  it  is  almost  certain* 
that  vertical  transverse  cracks  would  occur  as  .soon  as  cold  weather  comes- 
These  are  large  enough  at  times  to  permit  considerable  seepage.    Before 
winter  is  over  these  cracks  close,  leakage  disappears,  and  next  season  they  can 
hardly  be  found.     Filling  is  probably  efflorescence  of  magnesia  or  lime  from 
cement;  therefore,  temperature  cracks  are  not  of  sufficient  consequence  to  war- 

•  Paragraphs  under  this  heading  arc  partly  from  discussions  of  "Proviaiona  for  Uplift  and  Ice 
Pressure  in  Designing  Masonry  Dams"  (C.  L.  Harrisun,  author)  in  Trana.  Am.  800. Cf.  E.,  Vol.75, 
1012,  pp.  112-210. 
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DESIGN  OF  GRAVriY  DAMS 

Failures  and  Safe  Design.    A  gravity  masonry  dam  may  fail  by:  (a) 
Overturning  about  edge  of  any  joint,  due  to  line  of  action  of  resultant 
passing  beyond  limits  of  stability;  (b)  crushing  of  masonry  or  foundation; 
(c)  shearing  or  sliding  on  foundation  or  any  joint,  due  to  horizontal  thrust 
exceeding  shearing  and  frictional  stability;  (d)  rupture  of  any  joint  due  to 
tension.    Hence  the  following  limitations  are  generally  established:  (1)  Lines 
of  pressure,  for  reservoir  full  or  empty,  must  not  pass  outside  middle  third 
of  any  horizontal  joint.     (2)  Maximum  normal  working  pressure  on  any 
horizontal  joint  must  never  exceed  certain  prescribed  limits,  either  in  masonry 
or  in  foundation.     (3)  Coefficient  of  friction  in  any  horizontal  joint,  or  be- 
tween dam  and  foundation,  must  be  less  than  tangent  of  angle  which  resultant 
makes  with  vertical. 

Design  of  High  Dams  by  Zones.  De  Sazilly  (1853)  and  Delocre  (1858) 
sought  equations  by  which  "theoretical  profile  of  equal  resistance"  could  be 
determined  for  any  dam.  This  was  found  impract  icable,  and  recent  methods  of 
computation  are  simpler  than  those  of  the  early  French  dam  designers.  How- 
ever, Furens,  or  St.  Etienne,  dam  (see  page  183),  prototype  of  most  modern 
high  masonr>'  dams,  was  based  on  Delocre*s  studies.  The  type  of  cross-section 
for  usual  conditions  being  now  well  known  (see  Fig.  42)  the  simplest  proce- 
dure is  to  draw  a  trial  section,  test  it  by  the  formulas  and  modify  until  all  con- 
ditions are  satisfied.  For  a  low  dam  (not  a  very  low  one)  use  upper  part  of  crosa- 
section  for  a  high  dam  subject  to  similar  conditions.  Formulas  and  discussions 
which  follow  apply  to  the  now  generally  adopted  type  of  retaining,  gravity 
masonr}'  dams.  With  various  modifications,  the  cross-section  is  a  triangle,  es- 
sentially, although  the  top  always  has  substantial  width*  and  one  or  both  faces 
may  be  curved  or  broken  lines.  With  proper  interpretation  many  of  the  for- 
mulas can  be  applied  to  dams  of  different  shape.  A  very  high  masonry  dam, 
for  purposes  of  computations  relating  to  design,  may  be  divided  into  five 
horizontal  zones,  beginning  at  top,  in  each  of  which  the  limits  of  all  conditions 
included  in  computations  remain  constant.  The  level  at  which  one  or  more  of 
these  limits  is  reached  fixes  the  bottom  of  each  zone.  Low  dams  may  have 
only  the  upi)er  one  or  two  zones.  As  will  appear  below,  bights  of  zones  depend 
upon  allowed  unit  pressures  in  the  masonry  and  upon  other  elements  rf 
design. 

Zone  1. — A  low  dam  or  top  portion  of  a  high  dam;  rectang^ular  cross- 
section  (or  substantially  so);  both  faces  vertical  or  with  only  slight  batter. 
Limited  by  level  at  which  downstream  face  begins  to  slope  in  order  to  keep 
point  of  application  of  resultant  of  forces  on  joint  ^-ithin  middle  third  with 
reservoir  full. 

Zone  2.  Bottom  is  level  at  which  upstream  face  begins  to  slope  to  ke^p 
point  of  application  of  resultant  of  forces  on  joint  within  middle  third  with 
reservoir  empty. 

Zone  3.  Bottom  is  level  below  which  downstream  face  slopes  more  flaUy 
than  in  zone  2,  limit  of  pressure  intensity  on  masonry  at  toe  having  been 
reached  for  this  slope  with  reservoir  full. 

•See  "The  Economical  Top  Width  of  Xon-Overflow  Dams,"  W.  P.  Greater,  Proc.  A.  S.  C.  E., 
>v.,  1915. 
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Zme  4.  Bottom  is  reached  when  pressure  intenBity  on  masonry  at  heel 
ituins  limit  with  upstream  slope  being  used:  reservoir  empty.  Below  this 
lerd  upotream  face  must  have  flatter  slope. 

Zimti.  Slopes  of  both  faces  fixed  by  allowed  pressure  intensities  on  mas- 
ggrj  at  toe  and  heel,  respectively;  reservoir  alternately  considered  fuU  and 
fmptj.  Limited  only  by  necessities  of  dam  site  or  strength  of  masonry. 
Only  very  high  dams  have  fifth  cone. 

CoBtrotling  Factors.  For  lower  part  of  a  high  dam,  when  choosing  p  and  q, 
lad  alopee  of  faces,  the  bearing  capacity  of  the  .rock  foundation  must  be  taken 
into  Hcount.  It  is  convenient,  especially  for  construction,  to  moke  upstream 
fo«  vertical  to  as  great  depth  as  is  permissible.     Considering  weight  of  masonry 


Flo.  42. — Typical  section. 

■Ij  Mid  assuming  uniform  distribution  of  pressure  over  whole  base  or  hori- 
witd  joint,  the  limit  of  hight  with  vertical  face  might  be  limit  of  pressure  in 
Hi.  PM6t|.  ft.  +  wt.  of  masonry  per  cu.  ft.  Adopting  20  tons  and  156.25  lb. 
w^wtivefy,  hight  =  256  ft.  Other  considerations  greatly  reduce  this  hight, 
Kood-level  conditions  control  beyond  a  certain  hight  (usually  greater  than 
'Wft.)  depending  upon  exces.'i  of  k,  over  h,  and  values  assigned  to  2",  B  and  k. 
Ii climates  where  Tmay  be  neglected  A,  is  used  indcterminingthesection,fora 
•Iwrtablewith  h,,  would  be  more  stable  for  h.  Having  allowed  for  floods  and 
nna,  choice  of  fc  is  arbitrary  or  limited  by  some  local  conditiun ;  B  is  fixed  by 
■wwities  of  footway  or  wagonway,  usually;  but  k  and  B  together  arc  ver>- 
"iifKtly  affected  by  T. 

I^qwioidal  Law  of  Distribution  of  Pressure.  Assumption ;  incomprcs-siblc 
•»n  on  incompressible  base.  If  11'  is  vertical  resultant  of  pressures,  its  di*- 
•nhotiMi  is  represented  by  trapezoid  with  p  proportional  in  length  to  intensity 
('pranie  at  one  end  of  base,  and  q  proportional  to  intensity  at  other  end. 
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I  W 

I^  1/  =  o>  P  =  7  =  ~T ;  trapezoid  becomes  rectangle. 

y  =  7^j  q  =  —r\  P  =  0;  trapezoid  becomes  triangle. 

I  2W 

y  '^  'it  Q  =  ~o~t  V  becomes  negative  and  there  is  tensive  stress 

sented  bv  the  small  triangle  above  the  base,  its  maximum  intensity 

2W 
— p  =   o  —  9-     Actually  the  distribution  of  pressure  is  probably  : 

sented  more  nearly  by  the  figure  with  the  curved  bottom,  and  end 

than  p  and  (/,  but  we  have  not  the  knoiK 
necessary  for  constructing  this  figure. 
Fonnulas  for  Intensity  of  Vertical 
sure  at  Faces.  ^  Resolve  the  resultant  • 
^.^^^.^..-w;.-.- 1  >||    ^jjg  forces  assumed  to  act  upon  the  di 

any  given  case  into  a  vertical  and  a  hoi 

tal    component.      Consider   successive!} 

sumed  portions  of  the  dam  above  convc 

x^        M^    rJ.  .,  ,   ,         1.  horizontal  joints.     Regard  the  horizontal 

Fig.    43. — Trapezoidal    law    of  .  .^        i      j*  x  m    x  j 

distribution  of  pressure.         ponent    as    uniformly   distnbuted   over 

whole  joint.  Regard  the  vertical  comp< 
as  distributed  in  accordance  with  the  trapezoidal  law — a  straight  lin( 
tribution.  The  intensities  of  the  vertical  pressure  at  the  face  of  the 
nearer  to  the  resultant  will,  on  this  basis,  be  given  by  the  following  formi 

I 


T 
P 


\ 


j( y ^ 


1st  Case.    /  >  o' 


I 
2d  Case.    /  =  o' 


3rd  Case.    /  <  o" 


^-u^-'i) 


p    _1^'^ 
^'  "  167 


^'  ~  48/ 


Symbols  for  Masonry  Dam  Formulas  (see  Fig.  42)  grouped  alphabeti( 
Unit  of  weights  and  forces  is  weight  of  1  cu.  ft.  of  water.     All  lengths  a 
feet.     (These  symbols  apply  only  to  pp.  115  to  133.) 
B  =  breadth,  or  thickness,  top  of  dam. 

b  =  horizontal  distance  between  toe  of  I  and  toe  of  lo  (may  =  0  for  i 
part  of  dam  if  downstroani  face  is  vertical  for  any  distance  below 
c /g  =  center  of  gravity. 

c  =  cocfTi(Mcnt  of  uf)ward  water  j)rcssure. 
ch  =  intensity  of  prossiirc  of  water  vertically  upward  at  upstream  si 
joint;  it  is  considered  to  decrease  uniformly  to  zero  at  downstream 

•  It  is  often  convenient  to  express  W  in  cu.  ft.  of  water,  Wo*    If  W  is  in  same  units  as  Pr^  m 
result  by  32. 
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y  —  unit  weight  of  mud  =  75  to  90  lbs.  per  cu.  ft. 

S  =  angle  of  E  from  horizon. 

A  =  unit  weight  of  masonry,  taken  as  156.25  lbs.  per  cu.  ft.  =  2}  7  in  many 

computations 
e  =  unit  wind  pressure  (page  116). 
p  =  specific  gravity  of  masonry,  taken  as  2.5. 
0  =  angle  of  slope  of  downstream  face  from  vertical. 
^  =  angle  between  R  and  vertical 

Procedure.    Horizontal  plane  joints  are  assiuned  at  various  convenient 
elevations,  or  distances  below  top,  for  purposes  of  computation.     Moments  of 
forces  taken  about  intersection  of  line  of  action  of  W  with  joint,  the  forces  being 
represented  by  their  resultants  and  considered  to  act  in  the  same  vertical  plane. 
A  cross-sectional  slice  1  ft.  thick  is  used  for  computation  and  so  the  forces 
are  those  acting  upon  1  linear  foot  of  dam.    Begin  with  assumed  profiles 
and  modify,  if  necessary.    The  following  formulas  determine  the  position, 
under  various  assumptions,  of  the  intersection  of  the  resultant  of  the  forces 
acting  on  the  dam  with  the  joint  in  question.     In  other  words  they  determine 
the  position  of  the  "line  of  pressure/' 

General  Equations  for  Stability  against  Overturning.* 

^,    ,  h^  ,  My      chl*       „  .  /„,     chl\ 

1st  Case. — Water  pressure  only,  water  at  full  reservoir  level.     T  =  0.  c  =  0. 


Z  -  y  -  t^  =  -—  or 


6Pr "'      TT 

2d  Case. — Water  pressure  and  ice  pressure,  water  at  full  reservoir  level,  c  =«=  0- 

l-y-u  =  ^i6T  +  h*)  or  ^^^ 

(For  any  dam,  67"  is  constant,  after  a  value  for  T  has  been  selected.) 
3d.  Case. — Water  pressure  and  upward  pressure  beneath  joint.     T  =  0. 

h^-\-cl(3y-l) 


I  -  y  -  u  = 


W 
6  y  -  3cZ 


4th  Case. — Water  pressure,  ice  pressure  and  upward  pressure. 


I  --  y  —  u  = 


6  y  -  3cZ 


5th  Case. — Water  pressure  only,  water  at  flood  level.     T  =  0.     c  =  0. 

I  -  y  -  U   =  W^rOT 


6TF"'   ^W 
St 

Arrangement  of  Computations.     Tabulate  the  computations  made  with  th^ 
formulas  above  as  indicated   on   the   opposite  page.     Compute  the  locar 

•  T  and  W  in  these  equations  are  in  terms  of  weight  of  1  cu.  ft.  of  water. 
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ticn  of  the  center  of  gr&vity  of  the  portion  of  the  dam  above  each  assiimed 
joiot  by  moments,  to  determine  y,  and  check  by  cutting  the  sectJOD  out  of 
ardboard  and  suspending  it. 


H.rf         ir  *,     '     *,>  (»?  (  y  l-t- 


Another  General  Fonnula  is: 


Zd*  +  cl{3y  -  01  +  A>»  +  - 


M-  +3B{A,  +  2A,  -  rf)  -  6K(v  ~  z)  +  6fi[(/  -  y)  BinJ--^"'"^'^+ "^j  j 

+  [6{C  +  fi8ini  +  to)  -3c(A, +  A,K.| 
If  uy  condition  is  to  be  omitted,  its  factor  or  term  becomes  0  and  the  gen- 

ml  formula  must  be  simplified  accordingly.  General  Conditions:  (see  Fig. 
44).  Horizontal  static  water  pressure  on  back 
(head  =  hi) ;  upward  water  pressure  on  base,  pres- 
sure intensity  decreasing  uniformly  from  c(Ai  +  ltt)y 
at  heel  to  zero  at  toe;  mud  (liquid)  pressure  on  back 
(head  AJ;  dynamic  pressure  of  water,  D>;  water 
flowii^  over  top  of  dam,  weight  of  water,  of  depth  d, 
on  top  of  dam  being  neglected;  for  condition  of  water 
not  overtopping  dam,  d  =  0,  and  D  =  0;  no  dynamic 
pressure,  D  =  0;  no  upward  water  pressure,  c  =  0; 
no  mud   {i.e.,  mud  replaced  by  water),  Ai  =  0.     If 

Kt  be  disregarded,  T  =  0.     If  ff  i  is  of  great  depth  and  the  downstream  slope 

nnu  condderably,  an  appro:(imate  solution  is  possible  by  assuming  an  aver- 

Hf  "lope  beneath  the  earth.     The  expression  for  earth 

•lumt  B  geuH-al.     After  v  is  determined  for  each  joint, 

P  ran  b«  determined,  the  genera!  expression  correspond- 

■XR  to  above  expression  for  u  being: 


Fio.  44. 


f.5;[,+  j.i„,  +  ,r -'*!«.]  (2 


K- 1 J 


Fio.  45. 


In  computations  for  p  it  is  necessary  to  obtain  the  position  of  the  centroid 
d  with  respect  to  the  heel  of  the  joint.     In  Pig.  45, 
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z  = 
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(l^  +  Uo  +  lo^)  +  m{l  +  2lo) 
3{l  +  lo) 


Principal  Normal  Stresses  at  Any  Point  in  the  Dam  and  the  Planes  on 
IThich  They  Act*  In  prism,  ABC,  Fig.  47,  let  AB  be  one  of  the  planes  on 
rhich  stress  is  normal.    Let  /  be  its  intensity. 

p  =  vertical  unit  stress  on  a  horizontal  plane; 
°«  =  horizontal  unit  stress  on  a  vertical  plane; 
q  =  shearing  unit  stress  on  horizontal  or  vertical 
planes.  A 

Stress  on  plane,  AB,  of  unit  length  perpendicular  to 

plane  of  paper,  is  thus  fc;  its  vertical  component  is 

fc  cos  B  =  fb,  and  its  horizontal  component  is 

/c  sin  ^  =  fa.    Therefore 

2  tan  e  2q 


tan  2^  = 


1-tan*^        p-Pa 

The  equation,  /  =  gb  +  ^«  ±  V(p  —  Pa)^  +  4g2],  gives  the  two  values 

of  /  corresponding  to  the  two  planes  mentioned;  compressive  when  /  is 
positive,  tensile  when  negative.     There  can  be  no  tension  when  pPa  ^  g*. 

Usual  Methods  of  Design  Criticized.  L.  W.  Atcherley,  in  paper  "On 
Some  Disregarded  Points  in  Stability  of  Masonry  Dam8,''t  takes  exception 
to  current  practice  in  design  and  supplements  generally  accepted  ideas  as  to 
distribution  of  normal  stress  on  horizontal  planes  by  an  assumption  as  to  the 
shear  on  these  planes 

cd  =  ^  (1) 

r....?(Y-i) 

c  *  distance  along  horizontal  joint  from  centroid  to  point  of  application 
of  resultant; 

^  *  distance  along  horizontal  joint  from  centroid  to  point  locating 
neutral  axis; 

*  =*  length  of  horizontal  joint; 
^••«  =  maximum  compressive  stress  on  joint; 
^■•«  =  maximum  tensile  stress  on  joint; 

"  =  vertical  component  of  resultant  force  acting  on  joint; 

^  =  area  of  joint; 

*'  =7  shear  at  any  point  y  in  joint; 

i,  A^"|j>fm  Cain.  "StrcMea  in  Masonry  Dams"  T.  A.  S.  C.  E..  Vol.  64,  1909,  p.  208,  to  which  reader 

™*'Ted  for  diacuasion  of  shears. 
mJL  ■^^-  o'  Applied  Mathematios,  Univ.  College.    Univ.  of  London.      Drapers'  Co.,  Research 
**•"»««,  Tsohniool  Series  II,  London,  1904. 
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P  =  total  shear  on  joint; 

y  =  distance  from  centroid  to  any  point  on  joint. 

Atcherley  believes  that  these  equations  more  nearly  express  conditions  of 
equilibrium  than  the  usual  ones  do,  even  though  the  latter  tacitly  assume  the 
first  three  by  imposing  the  condition  of  the  middle  third,  and  use  a  friction 
condition,  instead  of  one  for  shear  as  expressed  by  Equation  4.    According 
to  Atcherley  there  is  no  reason  why  dams  should  be  computed  solely  by  testing 
horizontal  joints  and  asserting  that  the  line  of  resistance  must  lie  in  the  middle 
third,  while  stresses  across  vertical  joints  are  neglected.    If  the  problem  is  to 
be  solved  on  the  assumption  that  a  dam  is  an  "isotropic  and  homogeneous" 
structure,  general  equations  for  stresses  can  be  determined  only  by  the  follow- 
ing considerations:  (a)  Normal  and  shearing  stresses  on  horizontal  top  and 
curved  down-stream  face  are  both  zero.     (6)  Normal*  stress  on  battered  up- 
stream face  is  equal  to  water  pressure,  and  shear  is  zero,     (c)  Either  stresses 
or  shiftst  be  supp>osed  given  over  the  base.     It  follows  at  once  from  this 
that  Equations  1,  2  and  3  are  not  absolutely  true,  but  that  the  shear  is  fairly 
closely  represented  by  Equation  4. 

From  his  investigations  Atcherley  concludes:  (1)  Current  theory  of  stabil- 
ity of  dams  is  both  theoretically  and  experimentally  erroneous,  because  (a) 
theory  shows  that  vertical  and  not  horizontal  sections  are  critical  sections, 
and  (b)  experiment  shows  that  a  dam  first  gives  by  tension  of  vertical  sectioDS 
near  the  toe.  (2)  An  accepted  form  of  cross-section  is  shown  to  be  stable 
as  far  as  horizontal  sections  are  concerned,  but  tmstable  by  applying  same 
coiiditiouH  of  stability  to  vertical  sections.  (3)  Distribution  of  shear  over  base 
must  be  more  nearly  parabolic  than  uniform,  but  as  no  reversal  of  stateme&t 
follows  in  passing  from  former  to  latter  extreme  hypothesis,  it  is  not  unreason- 
able to  iLssunie  the  latter  distribution  will  describe  the  facts  fairly  closely  until 
we  have  greater  knowledge.  (4)  Masonry  dams  must  be  investigated  for 
stability  of  their  vertical  sections.  If  this  be  done,  it  is  believed  that  most 
existing  dams  will  bo  found  to  fail,  if  criteria  of  stability  usually  adopted  for 
their  horizontal  sections  be  accepted.  This  failure  can  be  met  in  two  ways: 
(a)  By  modification  of  customary'  cross-section  (probably  section  like  Vymwy 
dam  would  give  better  results  tlian  more  usual  forms) ;  (b)  by  frank  admissiott 
that  masonry,  if  carefully  built,  may  be  trusted  to  stand  tensile  stress.  It  is 
idle  to  assert  that  it  is  absolutely  necessary  that  line  of  resistance  shall  lie  ii* 
the  middle  third  for  a  horizontal  treatment,  when  it  lies  well  outside  middle 
third  for  at  least  half  the  dam  for  a  vertical  treatment. 

Investigations  by  Sir  Benj.  Baker,  Prof.  W.  C.  Unwin  and  others  have  no* 
supported  the  above  contentions  to  such  degree  as  to  cause  alarm.  Experience 
with  the  large  number  of  masonry  dams,  some  of  which  have  been  in  service 
many  years,  is  reassuring. 

Investigations  by  IJnwin*  on  dams  of  various  sections  led  tOthe  following 

conclusions:  (1)  For  rectangular  dam,  distribution  of  shearing  stress  on  hori^ 

zontal  planes  may  he  represented  by  ordinates  of  a  parabola.     (2)  ^For  tri-' 

angular  dam,  distribution  may  be  represented  by  ordinates  of  a  triangle  with* 

beneath   toe.     (3)    For   dam    with   vertical   back   and   curved  front 

n  the  Distribution  of  Shearing  Stress  in  Masonry  Dams,"  in  Engineering  (London),  Vol.  19* 
825. 

B  component  displacements  of  a  point  parallel  to  3  rectangular  directions  are  termed  tbt  S 
iTodhunter  and  Pearson,  "History  of  Elasticity.") 
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E  —  modulus  of  elasticity  of  masonry; 

F  »  compressive  stress  in  arch  ring; 

a   =  one-fourth  the  angle  which  arch  subtends; 

L   =  length  of  center  line  of  arch  ring; 

P  =  horizontal  water  pressure; 

X  =  load  borne  by  vertical  beam; 

Da  =  deflection  of  crown  of  arch  =  2AP ^^ 

The  deflection  of  the  dam,  considered  as  a  vertical  beam  is: 


^n  =J     yr^^  dy  (2 


EldX^ 


M  ==  bending  moment  at  any  point; 
dy  =  vertical  distance  between  loads,  dX»; 

/  =  moment  of  inertia  of  beam; 

H  =  hight  of  dam  =  total  length  of  beam;  , 

Dn  =  deflection  of  any  loaded  point  under  load  of  dXn  from  position  o 
beam  without  loads,  measured  in  direction  of  action  of  load  A\. 

Here  are  two  expressions  for  the  same  thing.  By  assuming  successive  arc! 
rings,  beginning  at  top  of  dam,  each  having  a  vertical  thickness  of  10  ft 
and  substituting  in  (1)  arch  deflections  are  derived;  and  by  substituting  i 
the  approximate  formula,  F  =  PR  -^  A,  stresses  in  the  arch  may  be  com 
puted.  For  Cheesman  dam,  of  curved  gravity  type,  it  was  computed  that  th 
arch  carried  nearly  half  the  load  at  the  top,  but  only  about  6  per  cent,  hall 
way  down,  and  practically  none  at  the  bottom.  Computation  of  stresses  ii 
the  trapezoidal  section  included  between  two  radial  vertical  planes,  is  the 
made  by  the  method  below,  and  the  corresponding  expressions  for  arch  an< 
beam  are  equated. 

6  =  breadth  of  joint; 
C\  =  width  of  upstream  edge  of  joint; 
Ci  =  width  of  downstream  edge  of  joint; 

r  =  radius  of  downstream  edge  of  joint; 

«i  =  batter  of  upstream  face  in  the  10  ft.  next  above  joint; 

Bt  =  batter  of  downstream  face  in  the  10  ft.  next  above  joint; 

a  =  area  of  horizontal  joint  =  \{Ci  +  Ci)h\ 

W  =  weight  of  aU  masonry  above  joint,  in  terms  of  weight  of  a  cubic  foot  c 
masonry; 

g  =  distance  of  center  of  gravity  of  joint  from  upstream  edge 

=  -rifX    I  tta;  this  holds  for  any  trapezoid; 

M  =  moment  of  all  masonry  above  a  joint  about  its  upstream  edge; 
n  =  distance  from  upstream  edge  of  a  joint  to  resultant  for  reserve 

empty  =  M  -^  W] 
t  =  actual  thrust  of  water  against  10-ft.  layer  next  above  joint,  in  terms 
weight  of  a  cubic  foot  of  masonry; 


138  WATERWORKS  HANDBOOK 

Triangular  Profile    (Reubea  ShirreffB).*     This   profile  maki 

.mathematica  simpler;  it  is  the  theoretical  form  for  a  gravity  dam 

for  an  arched  dam,  if,  in  the  latter  case,  arch  elements  cany  all  th« 

if  it  be  further  assumed  (not  far  from   the  truth]  that   the  avera 

stress  at  sJl  points  ia  F  =  PR  -i-  A,  as  oa  p.  136.      For  any  nev 

it  will  probably  save  time  to  use  the  triangular  profile  for  first  e 

tions,  afterward  making  the  necessary    modifications    to  give   1 

reasonable  width.    Instead  of  adding  to  the  triangular  form  a  pi 

there  should  be  added  only  a  moderate  top  n 

a  change  of  the  batter  for  a  considerable  disti 

considerable  top  width  be  added  to  the  triangu 

1  the  rfesult  will  be  negative  loads  on  the  verti 

toward  the  top,  giving  tension  at  the  upper  jo 

downstream  face. 

Deflections,  under  concentrated  load,  of  a  bt 
a  varying  moment  of  inertia  but  a  constant  tl 
1.0.  It  is  necessary  that  the  beam  be  I 
straight  lines  between  the  load  points. 

I  =  joint  length; 

a  =  vertical  distance  between  loads. 
b  =  ratio  of  increase  of  joint  length; 
Fio.  49  R  =  radius  of  upstream  face  of  dam; 

I  =  moment  of  inertia  of  joint; 
h  =  hight 

e  =  distance  from  neutral  axis  to  extremity  of  joint; 
E  =  modulus  of  elasticity  of  masonry; 
Ml  =  moment  of  all  horizontal  loads  above  joint  considered; 
S  =  stress  at  extremity  of  joint; 
\  =  change  of  length  of  element,  dx,  of  beam,  due  to  *; 
p  =  radius  of  curvature  of  deflected  beam; 
X  =  distance  below  crest. 

a  =  angle  of  deflected  beam  at  any  load  point,  n,  having  refe 
to  portion  of  beam  between  that  load  and  one  next  below 
A  •=  deflection  of  eacli  individual  portion  of  beam,  produced  I 
above  that  portion; 
D,  =  total  deflection  of  beam  at  any  load  point,  n: 
dx 


=  12Af,  (i  -  h) 


b'Ex' 


After  obtaining  the  values  of  i,  and  tan  «„  these  must  be  cui 
follows  for  Dni 
Dt  =  A,; 

Di  =  At  +  At  +  a  tan  m; 
Dt  =  A,  +  A,  +  A,  +  0(2  tan  <,s  -|-  tan  a,). 
and  BO  on,  as  in  Fig.  49. 

•  T.  A.  S.  C.  E.,  Vol.  S3,  1904.  p.  15S. 


1 
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{  ^^R-2hh 

Arch  and  Cantilever  Method  (Edwin  Duryea,  Jr.).*  In  a  masonry  d 
any  point,  A,  is  deflected  downstream  as  the  water  rises.  In  an  arch-n 
dam  displacement  of  A  corresponds  to  the  deflection  of  a  cantilever  beann 
unit  length  between  two  transverse  vertical  sections,  and  to  the  deflecticui^ 
an  arch  lamina  of  unit  hight  between  two  horizontal  planes.  The  total  wai| 
pressure  will  be  shared  between  arch  and  cantilever,  directly  as  respect! 
rigidities  or  inversely  as  deflections.  Cantilever  beams  are  assumed  fixedj 
direction  at  base,  with  planes  before  flexure  still  planes  after  flexmre;  ai 
laminsB  are  assumed  to  be  two-hinged,  or  changeable  in  direction  at  each  bai 
These  assumptions  are  contradictory,  and  both  tend  to  reduce  the  appare 
proportion  of  pressure  carried  by  arch  action. 

1.  Vertical  section  through  A: 

h  =  hight  of  dam  from  base  (below  A)  to  crest, 
h  =  thickness  of  dam  at  base  (below  A), 
X  =  hight  from  base  of  dam  to  any  horizontal  section, 
I  =  thickness  of  dam  at  hight,  x.        [=  J  (^  "~  ^)I 

2.  Horizontal  section  through  A : 

B  =s  span  of  horizontal  arch  lamina  before  being  shortened  by  pressoi 
r  =  mean  radius  of  horizontal  arch  lamina  before  being  shortened 

pressure  =  R  —  //2, 
Zi  =  chord  of  half  of  horizontal  arch  lamina  before  pressure  is  applied, 
U  =  chord  of  half  of  horizontal  arch  lamina  after  pressure  is  applied, 
T  =  thrust  on  horizontal  arch  lamina  due  to  proportion  of  water  pressv 

borne  by  it, 
e  =  total  shortening  of  chord  h  due  to  thrust  T\  yi  and  yt  =  ordinal 

corresponding  io  li  and  hj 
Z)  =  yi  —  ^2  =  deflection  of  point  A. 

3.  Water  pressures: 

7  =  weight  of  a  cubic  foot  of  water  =  62.5  lbs., 
yg  =  proportion  of  unit  weight  of  water  (number  of  62.5ths)  borne  1 

gravity  action, 
7a  =  proportion  of  unit  weight  of  water  (number  of  62.5ths)  borne  by  ai 
action. 

4.  Compression  of  masonry: 

E  =  modulus  of  elasticity  =  1,500,000  lb.  per  sq.  in. 

*  Trans.  Am.  Boo.  C.  E.,  Vol.  53.  1904,  p.  172. 
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selection  of  any  particular  arch  lamina,  -the  only  unknown  is  7.. 
ace  logarithmic  tables  are  not  sufficiently  accurate;  compute  By  or- 
ultiplication. 
nula  for  arch  deflection  by  Vischer  and  Wagoner,*  is  much  simpler: 

total  shortening  under  arch  pressure  of  half  the  arch  lamina; 

deflection  of  center  point  of  arch  lamina; 

3ne-quarter  of  total  angle  (in  radians)  subtended  by  arch  lamina. 

theory  of  compression  of  elastic  bodies, 

e  vertical  thickness  of  the  arch  lamina  is  unity  and  li  represents  the 
th  of  the  arch  lamina  instead  of  the 


'  the  half  chord. 

a  triangular  profile  with  base  «  } 

id  water  level  with  apex: 


vi>% 


125x« 


7.  = 


r«  +  2x« 


vS     r.TCntsf.ELlSO 


b  aH 


p>Vitfbvt'ng  Brick 
FacingonbothSt'diS 


"^  DoKfnitream 


a  Dome  Dam  (G.  S.  WiUiams).t 
dam  abuts  against  vertical  walls  the 
ecomes  more  nearly  akin  to  that  of  a 
ipjwrted  on  three  edges.  One  criti- 
ainst  arch  dams  has  been  that,  by 
>f  rigidity  of  the  base,  arch  action  j^[jj^^ 
ot  be  developed  in  their  lower  part.(//K^er^iw»> 
come  this  objection  and  avoid  so  far 
ble  stresses  of  opposite  signs  acting  at  «^, 

gles  to  each  other,  recourse  was  had  to         ^10.  50.^Ithaca  Dam. 
1  similar  to  an  egg-ended  boiler,  and 

e  was  made  in  the  form  of  a  portion  of  a  torus.  Radius  of  verti- 
'e  of  the  base  was  selected  so  that  the  upward  thrust  at  junction 
•per  part  of  dam  would  never  exceed  the  downward  pressure  trans- 
through  the  material  above.  By  this  construction  it  became  pos- 
utilize  the  bed  of  the  stream  as  an  abutment  and  still  permit 
leformations  and  true  arch  or  dome  action  near  or  at  the  base.  By 
5  the  radius  at  the  junction  of  the  torus  with  the  superimposed  cylinder, 
ream  thrust  at  this  point  was  obtained  from  the  former,  tending  to 
the  pressure  of  the  water  and  decrease  the  horizontal  circumferential 
n  the  cylinder.  Similarly,  the  inclination  of  that  portion  of  the 
e  above  hr  also  introduces  a  thrust  upstream,  acting  likewise  to 
\  the  horizontal  circumferential  thrust.  Above  this  plane,  to  10  ft. 
neat,  the  section  is  made  up  of  a  series  of  frustums  of  conical  shells. 

Mr  and  Wagoner:  "On  the  Strains  in  Curved  Masonry  Danis,"  Trans.  Tech.  Soo.,  Pacifio 
I.  •.  Dee..  1880.  pp.  71^151. 
8.  C.  £.,  VoL  63. 1904,  p.  182. 
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Next  4  ft.  is  a  segment  of  a  ring,  and  remainder  to  the  crest  is  a  segment  of  i 
conical  dome.  Radii  of  intrados,  or  downstream  face,  vary  from  57.75  ft 
at  bottom,  to  58  ft.  at  mid-hight,  to  50  ft.  at  crest.  The  maximum  radius  of 
the  extrados  is  67.75  ft.,  at  crest,  51  ft.  The  axes  of  the  two  faces  are  not  coin- 
cident, that  of  the  downstream  face  being  2.25  ft.  upstream  from  that  of  the 
upstream  face,  thus  making  the  dam  somewhat  thicker  at  the  abutments  than 
at  the  center.    Hight,  90  ft.    Fig.  50  shows  a  section. 

The  shape  of  the  crest  was  selected  for  the  following  reasons :  To  discharge 
a  maximum  quantity  at  heads  above  2  ft. ;  to  permit  ice  climbing  it  (slope  of 
45°  answers  well) ;  to  insure  positive  and  continuous  aeration  of  the  region 
behind  the  sheet  and  the  prevention  of  even  a  minute  vacuum  there;  to  deliver 
the  overfalling  sheet  well  away  from  the  toe. 

For  preliminary  purposes,  T  =  pR,  wherein  T  =  thrust  or  pull  of  sheet, 
p  =  normal  force,  and  R  =  radius  of  face  to  which  force  is  applied.  Were  the 
sections  cylindrical,  p  would  be  water  pressiu'e  and  R  horizontal  radius,  and 
this  formula  would  be  rigidly  applicable  for  determination  of  arch  stresses. 
In  the  present  design,  the  faces  arc  generally  inclined,  and  the  formula  becomes 
T  =  pReec  i,  i  being  angle  of  inclination  of  the  upstream  face  from  the  verti- 

PR  sec  1 
cal.     If  the  thickness  be  F,  then  the  unit  thrust,  t  = p — ,  for  a  section  one 

unit  high,  omitting  the  effect  of  the  inclination  in  producing  a  radial  thrust  op- 
posite to  T.  As  this  counterthrust  actually  reduces  T,  stresses  computed  by 
the  formula  will  be  greater  than  those  really  existing  in  the  horizontal  ci^ 
cumfcrential  direction.  Thrusts  in  the  torus  base,  being  largely  absorbed  by 
the  vertical  arch,  give  much  lower  unit  stresses. 

For  final  and  more  accurate  determination:    A  vertical  slice  of  the  dam  at 
the  center,  1  in.  thick  at  the  upstream  face,  was  cut  by  vertical  radial  planes 
and  divided  into  blocks  by  planes  normal  to  the  upstream  face.     Beginning  at 
the  top,  the  forces  due  to  water  pressure  and  to  the  weight  of  the  block  above 
the  plane  of  its  base  are  combined  by  a  simple  triangle  of  forces  and  the 
resultant  P  resolved  into  a  horizontal  comp>onent,  Ph,  and  one  normal  to  the 
base,  P».     For  the  next  section,  this  resultant  P  is  combined  with  the  wci^t 
of  the  added  block  and  the  force  due  to  pressure  upon  it,  and  a  new  resultant 
obtained,  which  is  resolved  as  above.     The  forces  acting  on  the  block  in 
question  are: 

P»      =  water  pressure  on  face  of  block. 

P^      =  component  of  total  pressure,  P,  normal  to  base. 

Pn- 1  =  component  of  total  pressure,  P,  normal  to  plane  of  top  of  block, 
which      =  Pn  for  the  section  next  above. 

AG    =  weight  of  block. 

i        =  angle  which  the  normal  to  upstream  face  makes  with  horizon. 

H      =  total  horizontal  force  carried  by  horizontal  arch. 

F^      =  area  of  vertical  faces. 

Ft,      =  area  of  normal  faces. 

t        =  unit  pressure,  per  sq.  in.,  on  horizontal  arch  at  center  of  section. 

8        =  unit  pressure,  per  sq.  in.,  on  vertical  arch  at  base  of  section. 

}[/       »  angle  between  vertical  sides  of  block; 

6       =  angle  between  top  and  bottom  of  block. 
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The  volume  of  concrete  is  equal  to  the  &rea  of  the  section,  timed  the  mnn 
radius,  times  the  encloeed  ai^le. 

V  =  AX  R~X2e  (2) 

,,_g'x(l)'x^'_   JC.  ,3, 

sin'  9  sUi'  e 

in  which  C  and  K  are  constants,  the  latter  depending  upon  the  width  of  the 
canyon. 

From  Fig.  52,  amount  of  masonry  for  an  arched  dam  will  be  a  minimum 
when  the  mean  radius  at  any  elevation  is  so  chosen  that  2$  is  about  133"; 
the  variation  in  masonry  required  for  agivcn  dam  will  bo  only  about  1  percent., 
provided  that  29  be  held  between  120°  and  146°.  This  method  Involves  the 
independent  determination  of  the  dimensions  of  the  successive  arch-shaped 


If 

s  I. 


'kit 


I?  .J 

*     le-Bo*   ncr-   i«r    60*    MO*    00*    RO*    no'    wo*    scf    »*    w* 

•.5uj.so!i   joiB   .Siife  sia   ssa    .sra  .«os   .bsn   .tot!  rnout 

Radiui-Conitanf-ttir 

Fia.  52.— Bnuraarch  dam.    Ilclalion  of  2fl  to ff  +  Bin's, 

slices  between  jjrcdctcrniined  levels;  each  being  considered  printarily  as  » 
independent  structure;  such  slices  being  thereafter  superposed.  At  the  top  of 
the  dam  it  will  generally  be  best  to  choose  2e  near  the  upper  limit  (146")  lot 
greatest  economy,  and  at  the  bottom  near  the  lower  limit  (120°).  Slices  rf 
dam  have  no  common  center  line;  centers  arc  located  principally  to  get  the 
length  of  arch  as  short  a.s  )>os.siblc  for  a  given  distance  across  the  eanyon.  So 
far  only  the  average  sfrcMs  q  lia.s  been  considered.  Toward  the  bottom  it  • 
necessary  to  inveslig.ite  also  the  maximum  stress.  The  maximum  arch  com- 
pression will  be  g  X  " „-  and  will  exist  along  the  downstream  edge.    Tbo 

stress  on  the  foundation  docs  not  need  to  be  considered  for  dams  of  this  typ* 
leas  than  200  ft,  high.  This  method  can  also  bo  applied  to  the  multiple-arcb 
dam;  the  most  economical  result  will  be  obtained  by  taking  the  top  width 
equal  to  the  distance  betwTen  centers  of  buttresses,  and  bottom  width  equftl 
to  the  distance  Iwtween  outside  of  buttressts,  and  by  choosing  the  enclooc** 
anple  less  than  the  most  economical  at  Ihu  top,  where  excess  thickness  muS^ 
be  provided  for  incchanical  rea-sous,  and  gradually  incrcaaii^  this  angle  to' 
ward  the  foundation. 

Having  calculated  the  radii  and  thicknesses  of  several  horiiontal  slices,  thfl 
top  thickness,  which  is  generally  chosen,  is  set  off  and  arcs  with  radii  A*  and 
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the  proportional  decrease  in  length  of  the  upstream  radius  toward  the 
tion.  The  ratio  of  increase  in  water  pressure  is  always  fixed  and  the 
decrease  in  length  of  the  upstream  radius  depends  upon  the  slope  of  the 
sides.  Now,  if  slopes  are  such  that  at  any  intermediate  elevation  the 
decrease  in  length  of  the  upstream  radius  (corresponding  to  a  133^  ai 


Lithgow  No.  1.    Cootamunda. 


< 


(e) 

Medio  w. 


Lithgow  No.  2. 


(9) 

Taraworth. 


Wellington. 


Parkes. 


Fig.  57. — Sections  of  curved  masonry  dams.     Dimensions  in  feet. 

been  greater  than  the  ratio  of  increase  of  water  pressure,  a  decrease  in  th« 
ness  of  the  dam  at  tliis  elevation  would  result  and  the  structure  would  I 
hanging.  If  a  certain  thickness  must  be  provided  to  prevent  overhang! 
most  economical  to  throw  normal  load  on  the  total  area  by  increas 
length  of  the  upstream  radius  above  that  corresponding  to  a  133°  arch 
reason  that  a  flat  arch  requires  less  material.     By  flattening  the  ar 
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Buttressed  Dams.  Geo.  L.  Dillman  (in  T.  A.  S.  C.  E.,  Vol.  49,  p.  94, 1902) 
gives  following  formulas  for  dams  having  triangular  buttresses  with  horizontal 
parabolic  arches  between;  Theoretical  shape  is  shown  in  Fig.  58.  Practically, 
tops  of  buttresses  will  have  width  sufficient  for  footway  or  road,  carried  by 
vertical  arches.    Backs  of  buttresses  and  lines  of  parabolic  arch  vertices  are 


Vertical  Section. 

Fig.  58. 

vertical ;   i.e.,  upstream  face  of  dam  is  plumb,  but  may  be  battered,  witk 
economy. 

0  =  origin  of  co-ordinates. 

w  =  length  of  imit  of  dam,  center  to  center  of  buttresses,  or  between 

lines  of  vertices  of  arches. 
W  =  total  weight  of  masonry,  @  2 J  X  62.5  lb.  per  cu.  ft. 

y  =  depth  from  crest,  or  hight  of  dam. 

H  =  horizontal  thrust  of  water  between  buttresses  =  §ti?y*  (in.  cu.  ft. 
of  water). 

h  =  batter  of  buttresses;  2by  =  width  of  buttress  at  toe. 
A  =  area  of  horizontal  section  of  buttress. 
V  =  volume  of  buttress  from  crest. 

X  =  distance  of  e.g.  of  A  from  vertical  back  of  buttress,  OZ. 

n  =  distance  of  e.g.  of  V  from  vertical  back  of  buttress,  OZ. 
m  =  distance  of  e.g.  of  face  and  buttress  horizontally  from  OZ, 

d  =  distance  of  e.g.  of  face  and  buttress  from  heel. 
z  and  u  =  rectangular  co-ordinates  for  R  (z  is  positive,  downward). 
R  =  resultant  of  forces,  reservoir  full. 


y 

A  =  2  (u?  +  ^by). 

V  =  Y^  {3w+8by). 

^  3y  jw  +  Shy). 

10  {w  -h  ^by). 

^  ^  Sy(w  -h  ()by). 


(I) 
(2) 
(3) 

(4 

5  (Sto  -f  8by). 

Adding  to  buttress  (dotted  lines  at  left  of  Fig.  58)  a  "face,"  of  uniform  thidE* 
ness  -^-,  its  volume  is  -,-'- ;  its  e.g.  is  Jr  upstream  from  OZ. 


10'  "^  10  ' °'"~20 

m  =  Sy(l7w  +  1206y)  -^  im(3w  +  5by). 
d  =  lly{9w  +  ^Oby)  -^  160(3ir  -f  5hy). 
W  =  2Sy^{3w  -h  5by)  -^  135  (in  cu.  ft.  of  water). 


(Si 
(6) 
(7) 


J 
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To  detenmDe  the  effect  of  the  water  vertically  above  the  dam,  const 
the  trapezoid  of  presaure  AEDC  such  that 

EA  =  {H  +  ft)62.5  -^  145.      145  -  V&0A  of  concrete  per  ou.  ft 
iX7  =  A  X  62.5  *  145. 


^^-^^ 

^J^"^%K 

r 

t 

■ 

s 

%// 

2^9^                 *^'^*^  15,46^-^ 

t 

\ 

% 

/-yu-zsz 

■ , 

IZ-HiiciatTep. 
^I_          24-  »      .-Bomm. 

■A 

^^ 

" 

— — no-- - — 

'    ' 

'. j 

Distances  are  laid  off  to  same  scale  as  used  in  draning  the  dam.  Centa 
gravity  of  this  trapezoid  is  at  C".  Weight  of  water  vertically  over  the  d 
aud  carried  by  the  dam  is  equal  to  area  of  trapezoid  multiplied  by  145.     Kefl 
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a  cut-off  wall  is  constructed  along  this  edge,  which  is  so  thoroughly  anchored 
to  the  rock  along  its  whole  length  that  lifting  tendency  is  more  than  counter- 
acted. The  design  of  a  dam  with  apron  is  carried  out  in  the  same  way,  the 
calculations  being  only  slightly  more  complicated  by  the  additional  sections, 
centers  of  gravity  of  which  must  be  found. 

It  can  be  shown  that  pressures  are  apt  to  be  much  larger  in  the  case  fA 
the  gravity  dam  without  an  apron  than  in  the  case  where  there  is  one,  owing 
to  the  wider  base  made  by  the  apron.  When  the  dam  exceeds  about  30  ft.  in 
hight,  struts  will  have  to  be  provided  to  prevent  the  tall,  thin  buttresses  from 
buckling.  An  empirical  rule  is  to  place  these  struts  at  vertical  distances  of 
twenty-four  times  the  thickness  of  the  buttress,  and  horizonally  about  tea 
thicknesses  apart.  Struts  should  be  reinforced  the  same  as  columns,  but  with.  - 
enough  additional  steel  on  the  under  side  for  beam  action  to  carry  the  dead 
weight  of  the  concrete. 

DAMS  AND  WEmS  ON  POROUS  FOUNDATIONS* 

Length  of  Percolation.    The  safety  of  a  dam  founded  on  a  porous  stratum 
from  being  undermined  by  a  gradual  washing  out  of  sand  is  dependent  on  the 
length  of  the  enforced  percolation.    This  length,  L,  should  be  sufficient  to  ^ 
reduce  the  velocity  of  the  undercurrent  so  that  it  will  not  disintegrate  the  sand;  J 
L  must  be  some  multiple  of  the  head,  H,  oxL  =  cH.    Reliable  values  of  the 
"percolation  factor, *'  c,  suitable  for  different  classes  of  sand,  can  be  deduced 
only  from  experience.     The  following  factors  are  based  on  experimental 
statistics. 


**^'*^^?*t^  ''tV.:- ■■■•■••  ••■.•••■■■ 


I 
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Fio.  62. — Granite  Reef  weir,  8alt  River  project,  U.  S.  Reclamation  Service,  as  built. 


Table  44.    Values  of  Percolation  Factor  for  Dams  on  Porous  Foundatioas 

Material 

Fine  silt  and  sand,  as  in  Nile  river 

Fine  micaceous  sand  as  in  Colorado  and  Himalayan  rivers 

Ordinary  coarse  sand 

Gravel  and  sand 

Bowlders,  gravel  and  sand 


Class 

c 

A 

18 

B 

15 

C 

12 

D 

9 

E 

4  to6 

Suppose  the  lenpjth  of  enforced  percolation  (the  base  of  the  dam),  is  in- 
sufficient and  the  liydraulic  gradient  too  steep,  the  velocity  of  the.  percolating 
water  will  be  capal)le  of  convoj-ing  away  particles  of  sand  from  beneath  the 
dam.  Assume  the  sand  of  Class  C,  so  that  c  =*  12;  with  /f  =  20  ft.,  the 
required  base  length  will  be  240  ft.  To  increase  the  length  of  L,  either  (1) 
lengthen  the  base  of  the  dam  downstream;  if  an  embankment  it  would  hav^ 

•  W.  G.  BliKh,  E.  N..  Dec.  29.  1910  and  Apr.  13.  1911.     See  also  "DcMgning  an  Ewth  Dmb.**- 
J.  B.  HayB,  Proc.  A.  8.  C.  E.,  March,  1910. 
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sary,  for  a  width  dependent'on  two  considerations:  (1)  hight,  Ht,  of  the  per- 
manent obstruction,  or  drop  wall,  above  low  water;  (2)  the  intensity  of  action 
of  floods,  which  can  be  gaged  by  the  unit  discharge,  q,  over  the  weir.     Taking 

the  Narrora  weir,  Fig.  64,  as  model,  width  of  riprap  Lr  will  vary  as  y/Ht,i.e., 

\/lO,  and  also  as  the  square  root  of  g,  i.e.,  \/75.    Lr  =  10c-\/Si-^10 X 

Suppose  Ht  =  12  ft.,  sand  is  of  Class  C,  and  q  =  150  cu.  ft.  per  sec,  the 

width  of  fore  apron  will  be  TT  =  4  X  12  X  Vl2  -5-  13  =  48  ft.    Lr  =  10  X 

12  X  \/i2  +  10  X  %/l50  -h  75  =  185  ft.  With  a  weir  40  ft.  high  oir a  bowl- 
der bed,  having  c  =  5,  and  q  —  215  cu.  ft.  per  sec,  TT  =  35  ft.,  and  Lr  = 
173  ft. 

Construction  of  Aprons.     W  plus  width  of  drop  wall  being  never  sufficient 
for  percolation,  the  required  value  of  L  will  have  to  be  made  up  by  a  rear  apron, 
or  vertical  curtain,  or  both.    As  1  ft.  of  head  is  neutralized  in  every  length 
equal  to  the  percolation  factor,  c,  it  is  convenient  to  have  all  longitudinal  di' 
mcnsions  of  the  apron  multiples  of  c.    The  thickness  i  of  the  fore  apron  must  be 
such  that  the  effective  weight  exceeds  upward  hydrostatic  pressure.    Weigh.^ 
can  be  represented  by  thickness  times  specific  gravity,  or  t  X  7.    At  the  sani^ 
time  the  opposing  hydrostatic  pressure  is  represented  by  {H  ^  h),  h  ^Lf^ 
being  the  head  neutralized  up  to  point  in  question.    In  both  expressions,  uni't^ 
weight  of  water  is  omitted,  as  a  common  factor.     When  the  apron  is  immersed- 
below  low  water,  its  weight  will  be  ^7  —  1).    The  weight  should  be  one-third 
in  excess  of  the  actual  requirements  and  the  thickness  will  then  be  t  =  4(H  — 
h)  +  3(7  —  1).    The  fore  apron  should  taper  toward  the  end  to  correspond 
with  the  progressive  diminution  of  the  water  pressure,  with  3  ft.  as  a  minimuio.  - 
The  rear  apron  is  made  5  ft.  thick,  following  precedent,  and  is  composed  of  w^* 
clay  overlaid  by  riprap.     Riprap  beyond  the  fore  apron  may  be  4  ft.  thick;  i^^ 
many  casos,  it  is  5  ft.     Any  extension  of  the  impervnous  fore  apron  beyoa<^ 
actual  necessities  is  to  be  deprecated  as  increasing  hydrostatic  pressure  on  tlm^ 
work.     On lK)wlder  IxhI,  the  fore  aprv>n  can  be  made  per>'ious  by  leaving  %\ 
lK»t wix^n  t he  blocks  of  concrete  of  which  the  floor  can  be  built.    This  will 
sitato  a  ci^rresponding  increase  in  length  of  rear  apron  to  compensate  for  redu< 
tion  in  length  of  enforotHi  ix^roolation,  so  that  it  is  of  doubtful  utility.    Wit'^ 
s{\nd  foundation  such  construction  would  not  be  practicable,  as  sand  would  t^^ 
carriini  thn>ugh  the  o|hmi  sj^acos.     In  some  weirs  the  fore  apron  is  raised  abo^^^ 
low  water  level  to  avoid  wet  construction;  riprap  then  will  slope  down  to  th^* 
level  or  l>elow. 

Shutters.     Most  weir  crests  are  provided  with  collapsible  crest  shutter:^' 
often  »>  to  t>  ft,  dtvp.     This  enables  the  permanent  crest  to  be  kept  lo^^» 
offerinir  loss  obstruction  to  fl^xxis.     Shutters  increase  the  static  head,  mar^"* 
nuim  Ixnnc  whon  uiv>Tro:\ni  water  is  at  shutter  crt^,  downstream  chann^^ 
empty. 

Terminal  curtain  is  nvjuinvl  tor  pn^tct^xion  in  case  of  failure  of  the  riprap^' 
for  w'hiv^l;  :v.irix>so  \\  oov.ui  well  Ix^  m.ido  ix^rvious,  so  as  not  to  affect  tb-^ 
hvdrostc'itio  st.-^tus  Ix^hir.^i  ::.       Sv^nietimes  v\\m\l  "cut-off".'i 

% 

Narrora  Weir.     V^i»:.  lU  is  a  section  of  Xarrora  weir  oo  the  Ganges, 
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cal,  including  everything,  66  gi%'ing  a  total  of  215  ft.  The  head  being 
ft.,  c  is  215  -^  13.1  =  16.4.  In  the  Assiut  Regulator,  horizontal  compc 
is  169,  vertical,  72,  total,  241  ft.    With  a  head  of  11.5  ft.,  c  =  21. 


V^^^ 


Fig.  67. 


Perrkms  Floors.  Theory  devdoped  for  dams  with  impervious  floors 
porous  foundations  likewise  applies  to  pervious  floors.  Many  dams  in  ] 
ha\*e  floors  of  uncemented  rubUe,  among  them  being  Okhla  weir,  on  Jui 
ri\*er  (Fig.  6S),  and  J>ehri  weir,  on  Son  river,  India;  Madaya  weir,  Mac 
river,  Rurmah.  Masonry  cut-off  walls  are  provided  to  pre\'ent  displaceo 
of  rubble. 


20U    ^ 


Bi64i3 


'  Failure  o/  Shed-pi Jf  Dawu,  Failures  have  genei 
occurred  in  spillw:»y  or  overflow  type,  or  diversion  weirs.  Seepage  under  si 
piling  tend$  to  buoy  up  ihe  pATlickts^  v>f  <;ftnd  on  the  downstream  side,  whil< 
surfacie  of  ihe  river  bed  is  fi>?iqueni]y  siibi«*ted  to  scouring  action  of  ^ 
spilling  over  the  ci>p!^t.  Thes^e  iv«>oeis  combined  move  the  finer  particles 
then  upward  flow  incjvASJftSs  ai^d  'he  destruction  of  the  dam  is  in  prog 
Some  erjrii^wrs  in^e  the  lorjrxh  of  sheet-piling  such  that  penetration  b 
stream  K\i  will  approxiniatoiy  tx;ual  the  beftd  of  water  impounded,  lb 
f,^lure?  sttrlbutevi  to  "  urJiTK^wn ''  «iu5*fi?  were  due  to  inadequacy  of  cu' 
oft^r.  on  AcvN>unt  of  vtskreScss  drivirji:  aad  faiilty  aHnement  rather  than  in 
cier.t  ^»cr)T^tr&:5on. 

« 

Lrr^\  cc  Shed-pi^i^f  R^t^-irtd.  H  =  inasimxmi  head  of  wat^  on 
«nrAn:  siie:  I>  =  {icoth  of  pcrst^trstSc^:  for  she^'t-paliiMr;  t  =  specific  gravi 
r.ii;^riAl  >rof:rAt<\i:  p  =  rcv^v^nioc:  oc  ?k\3is.  For  average  sand,  s  = 
^d  T  =  1  -  0  4  =  Cltx  "n.ta  r>  =  H  -3-  >  X  ?P>  =  0.6aH  =  thee 
ivrrt^ir^s:  j.-TCi.  ur  :r.A:  ,s:  xt >.::>.  f\.v:s>  hvirv-^^^AtSr  pfr^ftssiire  on  upstream  si 
•>rfv*r!r;,\-^\v  v^^J.r-:':'r:..Cvr..•*;^i  by  ^^-jcr.:  v%:  r.'.i:^riil  od  downstream  sid 
s;3:i  >-r::  at:  1  7^:•rx'»s::^  ::.a:  ::.;  ;\.:v .  >..;v.  ^r^::  c*:  fSriSriL  aihi  capillary  at 
u:c  i>  A  r::.ii.v.r...,:v..  A  .:  "..i'T.  v.:  >:  x »;>:■... t.c  -c'r.iri  provides  for  penetr: 
ec^  :;  -.«VL.r-.ur.-.  r.:\s.;  a:  ^,xx>->^.sc:  ::.;--^•:^.rc  .ivxve^  i  factor  of  safe 
'. ..V    v:::.  i  :;cr:  '«^.'-  .  .tf  s,..;^ -.-.v./^i   .  .vrxi  ilmemcajt)  applied  t 
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penetrating  50  ft.  under  the  upstream  side  of  the  dam,  and  a  secondary  line 
with  a  penetration  of  15  ft.  under  the  extreme  toe,  which  should  be  curved 
up  to  form  a  trough  with  a  depth  of  5  ft.  below  the  river  bed  for  a  water 
cushion.  About  200  or  250  ft.  downstream  construct  a  dam,  15  or  16  ft. 
high  as  described  above,  to  back  up  water  against  the  main  dam  for  a  water 
cushion.    Seepage,  which  would  probably  find  its  way  imder  the  main  dam  in 

^^^^  considerable   quantities,    would   issue 

^^^^  between  the  dams,  where  depth  and 

Scrnd^^^^^^  length  of  water  cushion  prevents  re- 

■f^^^W^     movalofsand. 
•j^s  ^.^^^l^^MW^i^^^f^^^^  In  calculating  the  proportions  of  a 

:^M^^%tM-^^^^^^  I         dam  to  be  foimded  on  sand,  there  is 

Fig.  70.— Method  of  obtaining  weight    involved  hydrostatic  pressure  against 

the  imder  side  of  the  dam.    Hydrostatic 
pressure  against  under  side  of  any  dam  of  the  type  illustrated  in  Fig.  69  is 
governed  by  the  head  of  water  on  the  downstream  side  and  will  vary  betweeti 
25  and  40  per  cent,  of  that  which  would  result  from  the  head  of  water  on  tb^ 
upstream  side. 

Dams  on  alluvial  foundations  should  be  designed  with  the  maximum  widtJ^ 
of  base  consistent  with  economy;  therefore  the  gravity  reinforced  concret-^ 
dam  is  especially  adapted  to  the  requirements. 

OVERFLOW  DAMS :  WASTE  WEIRS 

Forces  Acting.     Forces  tending  to  destroy  a  waste  weir  or  overflow  dajc^ 
are:  (1)  Water  pressure  due  to  (a)  static  head;  (6)  velocity  of  approach,  con^^ 
sidered  as  parabolic  function  varying  from  0  at  bed  to  6  ft.  per  sec.  at  crest,  anf- 
assumed  to  exert  a  horizontal  pressiu^e  only;  (c)  buoyancy  (under  base),  con- 
sidered to  have  parabolic  distribution  from  0  at  toe  to  pressiu'e  due  to  fuU 
flood  head  at  heel.     (2)  Silt  pressure.     (3)  Ice  thrust.     (4)  Wave  impact. 
(5)  Impact  of  floating  objects.     (6)  Vacuum  effect  under  falling  water.     (7) 
Frictional  effect  of  overfalling  water  in  contact  with  downstream  face.     (8) 
Wind  pressure.     (9)  Crushing  of  foundation. 

Forces  tending  to  hold  the  structure  to  position  are:  (1)  Weight  of  masonry, 
acting  by  gravity  alone.  (2)  Inertia  of  cross-section.  (3)  Silt  and  water  pres- 
sure on  battered  heel.  (4)  Weight  of  overflowing  water.  (5)  Pressure  of  back- 
water on  toe.  (6)  Cohesion  of  masonry.  (7)  Mechanical  bond  tat  base. 
(E.  R.,  Apr.  22,  1911.) 

Vacuum  Effects.  According  to  G.  S.  Williams,  experiments  on  a  small 
model  showed  reduction  of  atmospheric  pressure  of  one-sixth  atmosphere 
(about  2.5  lb.  per  sq.  in.)  at  the  toe  of  an  overflow  dam,  due  to  partial  vacuum 
under  the  falling  water.  Tests  were  on  a  model  8  ft.  high,  with  2  ft.  of  water 
on  crest.  He  estimated  that  this  pressure  might  equal  12  lb.  per  sq.  in.  for  a 
high  dam.     Ibid. 

Air  under  Falling  Water,  Air  is  supplied  to  downstream  face  of  an  ogee 
type  dam  built  by  Tacoma  Light  and  Water  Co.  across  Green  river,  Washing- 
ton, by  8-in.  sewer  pipes  20  ft.  on  centers  extending  from  apron  to  air 
supply  pipe,  parallel  to  crest,  leading  to  atmosphere  at  abutments.    Mazi* 
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not  fail  with  adjacent  pins.  The  flashboards  are  provided  with  lap  jointeat 
thene  pointa.  These  double  pins  remaining  steadfast,  buckUi^  of  the  flsah- 
boards  results,  and  the  water  quicldy  flows  off  (£.  R.,  Oct.  8,  1910,  p.  404). 

The  Sudbury  dam  (Boston  Waterworlcs)  has  flashboards  10  ft.  long  on  tiie 
average.  They  are  in  2  sets,  the  lower  ones  8  in.  high;  the  upper  osee,  4  lo. 
The  boards  are  3  in.  thick,  tapering  at  the  ends. 


Fia,  72, — Flaahboard  atandards,  Muscoot  dam,  Croton  reservoir,  N.  V. 

Flaahhoard  Pins.     Formula  for  Size  and  Spacing.     (R.  Muller,  E.  R,,  Au^ 
22,  1908,  p.  208.) 

l,249,340d'    ,    2,  , 

^  =  ~5ihi~  +  r- 

X  =  hight  of  water,  in  feet,  above  dam  crest  when  pins  I>egin  to  bend, 
A  =  higlit  of  flashboards,  feet. 
I  =  spacing  of  pins,  feet. 
d  =  diameter  of  pins,  inches. 

Ultimate  strength  of  pins  «=  69,500  lb,  per  8q.  in.  for  Wayne  iron,  useJ 
by  the  Essex  Co.,  Lawrence,  Mass. 

Table  46.    Excessive  Floods  vs.  Spillway  Capacity 


StnuQ 

BlMtiou 

DuU 

WatenhHl 

nin-off.iB. 

Flood   floo 
ell.,  per 

rffll 

or  countiy 

«1.  mi. 

pet  24  W 

«,-£r 

■^a 

C.t.wbB 

Rockhill.  S.  C. 

M»y.  1901 

2,987 

1  9 

SO 

C»t><>b> 

Not  .tslnl 

Miy,  1001 

1,535 

Z 

3 

63 

Cue  Cr. 

BikcravillF.  X.  C. 

M>y,  1901 

SO 

1,341 

E[k  Horn 

KeystoDP,  W,  Vft.* 

JuDe!  leoi 

44 

1,363 

SutB  Ckurina 

Monwrfy.  M«. 

Aug..  1909 

M4 

22 

0 

Im 

» 

GitiDiueLi 

3,S 

0 

83S 

It 

ndi.           ' 

Satkn■^*■o 

101 

KhXhn. 

adia 

Not  kaowd 

345' 

0 

2U 

Itawrnddy 

Nat  kugwn 

HB.SIO 

<1 

5 

13 

308 

Not  kno«n 

2 

S 

« 

Ohio 

Cairo.  IlL 

Not  known 

214.000 

a-i 

M 

Del»-sre 

Lunibfrlviilo.  N,  J. 

Not  kno«o 

O.SiO 

1 

3 

36 

Colorstlo 

Austin.  T<-»- 

Not  known 

C 

3-3 

It.l 

l,Z2fl!oOO 

Nile       ''" 

A«i^rF.«.rt 

Not  k^"-^ 

i-ioo-ooo 

0.01 

olas! 

*  Arengt  flood  flow  lor  14  hn.  -  278  et»,  pet  sq.  mi. 
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should  be  rounded  to  a  radius  of  about  1  in.  In  Olive  Bridge  an 
dams  very  lean,  porous  concrete  blocks,  with  16-in.  diam.  holes  we 
vertical  drainage  wells  near  the  upstream  face. 

GROUTING  FOUin>ATIONS 

Cross  River  Dam.  Drilling  and  blasting  were  allowed  until  seem 
rock  was  reached,  when  barring-and-wedging  was  resorted  to  for  remc 
portions.  At  times  this  would  disclose  rotten  rock  below,  calling 
blasting.  The  final  bottom  was  washed  clean,  and  sounded  wit] 
hammer  in  the  presence  of  an  inspector.  Mortar  was  spread  ove 
surface  just  before  masonry  was  placed.  Wells  of  rubble  masonry 
around  springs.  Vents  were  left  for  grouting,  all  springs  being  free 
their  hydraulic  grade  line.    A  Douglas  No.  2  bilge  pump  was  used  f  o 

New  Croton  Dam.  Seams,  erosions  and  caves  in  rock  were  1 
excavated,  then  cleaned  with  a  stream  of  water  under  high  pressi 
nozzle.  Larger  spaces  generally  were  packed  with  rubble  masom 
spaces  poured  full  of  grout  of  Portland   cement   and    fine  sh 

2  to  1,  wherever  possible.  Where  pouring  was  not  possib 
mixed  1  to  1,  was  pumped.  Connections  to  some  seams  were  ma 
holes;  a  few  caves  were  entered  by  small  shafts  and  tunnels, 
countered  under  pressure  was  forced  into  pipes  sealed  into  the  rock  a 
up  above  the  level  to  which  water  rose,  before  grouting.  Some  of  1 
were  10  in.  diam.,  but  most  were  2  in.  Preliminary  to  grouting,  \ 
were  thoroughly  flushed  with  clean  water  under  high  pressure.  ( 
3rielded  1.5  mgd.  For  one  spring  2-in.  pipes  were  carried  up  90 
proving  impracticable  to  grout  through  so  great  a  depth  of  water,  p 
clay,  well  kneaded  with  water,  was  rammed  in  with  a  2000-lb.  pile  d 
maximum  drop  of  4  ft.,  to  a  total  of  22  cu.  yd.  (For  further  c 
"Foundations  of  New  Croton  Dam'*  by  C.  S.  Gowen,  T.  A.  S.  C 
43,  1900,  p.  469.) 

The  Clackamas  river  dam  of  the  Portland  (Ore.)  Ry.,  Light  &  1 
is  founded  on  volcanic  andesite  and  basalt,  heavily  fissured.  A  doii 
holes  was  drilled  under  the  heel  of  the  dam  to  average  depth  of  50  ft 
pneumatic  grout  mixer  and  injector  was  used,  with  air  pressure  fi 
200  lb.  per  sq.  in.,  depending  on  the  tightness  of  the  hole;  high  press^ 
blow-outs  at  surface.  Holes  were  2|  to  8  in.  diam.;  3-in.  wr« 
pipe  casings,  with  threaded  tops  for  attaching  hose,  were  put  down 
4  to  6  ft.,  and  grouted  in.  Grout  contained  2  to  15  parts  water  to 
A  flexible  copper  hose  connected  the  grout  machine  to  the  pipe.  Ir 
the  hose  into  the  pipe  for  grouting  low  parts  was  tried,  but  did 
worth  extra  work.  Holes  were  tested  under  a  head  exceeding  tl 
reservoir  head;  in  some  cases,  communication  was  found  betweei 
ft.  apart.  Drilling  and  grouting  555  holes,  aggregating  34,038  ft., 
per  ft.      (H.  V.  Schreiber,  E.  R.,  Mar.  23,  1912.) 

At  Olive  Bridge  dam  of  Catskill  water  supply  for  New  York,  29  g 

3  in.  diam.,  5  ft.  apart,  and  13  to  20.8  ft.  deep,  were  drilled  in  t 

ch  down  to  a  seam  indicated  by  previous  borings.    When  this 
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Table  46.    Typical  Masonry  Dams  (Oyerflow) 

Dimensions  in  Ft. 


Name. 


Austin 

(Colorado 

river)J 


Betwa 


Boonton 


Butte 
City 


CaUwba 
rirer 


Locality 

Year  built 

Hight  above  stream-bed 

Hi^ht  above  lowest  founda- 
tion. 

Length  on  top  (overflow 
section).  , 

Minimum  thickness  at  or  near 
top. 

Maximum  thickness  at  or  near 
bottom.® 

Radius  of  upstream  face  Gf 
curved  in  plan). 

Flood  depth  for  which  de- 
signed. 

Character  of  foundation 


Kind  of  masonry. 


Maximum    preeeure    on    heel 

(tons  per  sq.  ft.). 
Maximum    pressure    on    toe 

(tons  per  sq.  ft.) 
Remarks 


References. 


Texas 

1891-92 

64 

68 

1091 

Rounded 

66 


India 
1888—97 


Limestone 
Rubble 


61.5 

3296 
15 

61.5 
Follows  reef 

16.4 

Rook  ledge 

Granite 
rubble 


New  Jersey 
19(X)-5 
60 
95 

300 

Rounded 

65 


Failed, 
under  11.07 
ft.  on  crest 


E.  N.,  July 
11.  1891 


Us«al   profile 

reversed  so 
that  6*  over- 
flow would 
clear  face 
Has  had  16.4 
ft.  head  on 

crest 
H.  M.  WUson 
12th  An.  Re- 
port, U.  S.  G. 
S..  1891 


Montana 
1893-95 

120(a) 

350(6) 

20 

83 
350 


Shale  and 
sandstone 
Cyclopean  '  Cyclopean 
syenite 


Wegmann* 

E.  R.,  Aug. 

8.  1903 


(a)  Built 
only  80  ft. 

to  date 

(6)126' to 

date 


E.  N., 

Sept.  5. 

1895;   Dec. 

15.1892 


So.    Carolinsj 
1903HH 
34 
55 

585 

Rounded 
33 


20 
Granite 


Cycle; 
rub[ 


3pesB 
ST 


E.  R..  July 
23.  1904 


Table  46.    Typical  Masonry  Dams  (Overflow). — Continued 

Dimensions  in  Ft. 


Name. 


I  Connecticut 
river 


Dunnings 
(Scran  ton) 


Escanaba 


Folsom 


Gr«at  North- 
ern PowerCOi 


Locality 

Year  built 

Hight  above  stroam-botl   .    . .  . 

Uil^ht  above  lowc^st  founda- 
tion. 

Length     on      top      (overflow 
section^. 

Minimum  thicknoAS  at  or  near 
top. 

Maximum  thickness  at  or  near 
bottom. 

Radius  of  upstream  face   (if 
curved  in  plan^. 

Flood    depth    for    which    de- 
signed. 

Character  of  foundation 

Kind  of  masonry 


Vernon,  Vt. 

1907-10 

39 

70 

600 

Rounded 

33(a) 


Pennsylvania 

1887-88 

56 

67  ± 

152.6 

10 

56 


Michigan 

1910 

26 

26 

461 

Rounded 

23.3 


California 

1886-91 

70 

98 

180 

24 

87 


Minnesota 

1907 

38 

40 

365 

Roundfld 

42 


heel 


Maximum    pressure    on 

(tons  per  sq.  ft.). 
Maximum     prcjwure    on    ttx* 

(tons  per  sq.  ft.). 
Remarks 


References. 


Sluices 

in  dam 

Rock 

Cyclopean 
concrete 


5 

Rock  and 

day 

Rubble 

masonry 


Limestone 

Cyclopean  ; 
concrete 


6 

Bedrock 

Granite 
ashlar 


0 
Roek 

CoocfCit 


I 


Fl.*whboard 

4  ft.  hifch 

vJ^-S'  l>elow 

top 

I 

'       K.  R  . 
Mnr    27. 


Trans.  Am. 

Si>c.  C.  K  . 

Vol.  32.  1>94 


1-ft.  flash- 
boards.    8" 
pipes  at  KK 
intervals 
drain  toe. 
E.  R.. 
Mav  15. 
1909 


Movable 
shutter     > 
raises  level 
5  ft. 

t  Schuyler, 
p.  264 


E.  R.. 

Sept.  7. 

1907 


•  Wegmann.  "The  Design  and  Construction  of  Dams."     tRcplacedin  1914.    Sec  E.  R.,  June  3* 
1915.  showing  later  design. 

t  Schuyler.  "  Reservoirs  for  Irrigation.  Water- Power,  and  I>i>raestic  Water  Supply,  190S, 

®  **  XIax.  thickness  at  or  near  bottom'*  for  overflow  dams,  includes  masonry  spron,  if  any,  bviH 

Mirt  of  the  dam  section. 
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Table  46.    Typical  Masonry  Dams  (Overflow). — Continued 

Dimensions  in  Ft. 


Hale's  Bar 


Holyoke 
(New) 


Keokuk 
(Miss, 
river) 


Lynchburg 

(Pedlar 

river) 


MoCallsFerry 
(Susquehanna 
river) 


ilt 

bove  8treani-b#d 

bove  lowest  founda- 

on     top      (overflow 
n). 
m  thickness  at  or  near 

im  thickness  at  or  near 

m. 

of  upstream  face   (if 

d  in  plan). 

lepth    for    which    de- 

L 

er  of  foundation 


Tennessee 

1910-13 

62 

76 

1200 

Rounded 

66 


Massachusetts 

1897 

30 

38 

1020 

Rounded 

54.2 


Iowa  A  ni. 
1911-13 
32 
37 

4278 

6 

42 


masonry, 


im    pressure    on    h^I 

per  sq.  ft.). 

im    pressure    on    toe 

per  sq.  ft.). 

a 


c^es. 


Limestone 

seamy 

in  spots 

Concrete 


Rubble 


11 
Limestone 

Concrete 


Caisson 
foundations 


E.  R..  Feb. 

15.  1013. 
E.  N.,  Nov. 

13.  1913 


Virginia 

1904-08 

62 

67.5 

150 

9 

44 


Pennsylvania 
1904-10 
63 
60 

2360 

Rounded 

66 


6 
Shale 


Concrete 
and  granite 


E.  N.,  1897. 

Vol.  37.  p. 

292 


E.N.,  Sept. 
28,  1911 


Air  pipes 
prevent 
vacuum 
at  face. 
E.  R.. 
May  12, 

1906; 
July  23. 

1904 


17.6 
Hard  gneiss 


Cyclopean 

rubble 

4.8 

6.2 


E.  R  , 

May  28, 

1910 


Table  46.    Typical  Masonry  Dams  (Overflow)  .- 

Dimensions  in  Ft. 


-Concluded 


Musooot 


I       Scioto 
!  (Columbus) 


Spier  Falls 


Turlock 
(LaGrange) 


Vymwy 


lilt 

bove  stream-bed 

.bove  lowest  founda- 

on     top      (overflow 
n). 
im  thickness  at  or  near 

im  thickness  at  or  near 
m. 

of  upstream  face   (if 
d  in  plan). 

iepth    for    which    de- 
er of  foundation 


masonry. 


im    pressure    on    heel 

per  sq.  ft.) 

ini    pressure    on    toe 

per  sq.  ft.). 

a 


oes. 


New  York 

1902 

35 

70 

200 

5.5 

31.5 


Rock 

Rubble 
masonry 


Downstream 

face  stones 

carefully 

selected  and 

bedded  to 

withstand  ice 

E.  R.. 

Dec.  20. 

1902 


Ohio 
1904-5 

33 
46.6 

600 

Rounded 

64.3 

800 

22 

Limestone 

Concrete 


New  York 

1900-05 

62 

70 

817 

Rounded 

66 


Granite 

Rubble. 
Cyclopean 


California 
1891-94 
127.5 
127.5 

309 

Rounded 

92 

308.9 

16 

Rock 

Blue  trap 
rubble 


Allowance 

for    future 

addition   22' 

high 


T.A.S.C.E. 

Vol.    67, 

1910 


E.  N., 

Jun.  18, 

1903 


Has  had 

15  ft.  head 

on  crest 


E.  N.. 

1894, 

Vol.  31, 

p.  266 


England 
1882-90 

101 

162 

1172 

Roixnded 

120 

1.6 

Clay,  slate, 

rock 
Cyclopean 
rubble 
8.7 

6.36 

Foundation 

rook    drained 

to  prevent 

uplift 


Proc.   Inst. 
C.  E.,   Vol. 
126,  1896, 
p.  29 
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Table  47.    Typical  Ifasonry  Dams  (Not  Overflow) 

Dimensions  in  Ft. 


Name 

Looality 

Year  built 

Hight  above  stream-bed ... 

Hijlfht  above  lowest  founda- 
tion (exclusive  of  cut-off 
trench). 

Length  on  top  (omitting 
spillway). 

Minimum  thiokness  at  or 
near  top. 

Maximum  thickness  at  or 

near  bottom. 
Radius  of  upstream  face  (if 

curved  in  plan). 
Hight   of    top    above   full 

res.  level. 
Character  of  foundation . . . 


Kind  of  masonry. 


Ashokan 

(Olive 

Bridge) 


Assuan 


Barker 


Baroaaa 


Barren  Jad 


New  York 

1807-11 

150 

220 


1000 
26.3 

190.2 


Egypt 
1808-05 
82(a) 
131 


6400* 
17.8 


Colorado 

1909 

145 

172 


625 
16 


85 


124 


Maximum  pressure  on  heel 
(tons  per  sq.  ft.). 

Maximum  pressure  on  toe 

(touB  per  sq.  ft.). 
Allowed  ice  thrust,  tons  per 

lin.  ft.  at  full  res.  level. 
Allowed  for  upward  water 

pressure. 


Remarks. 


Roferencos 


20 

Hamilton 
shale 

Cyclopean 

14t 

8.2t 

23.5 

Full  head  at 
heel  and  0  at 
toe,  applied  i 
on  i  area  of 

joint 

Continuous 

drains;  wave 

hight  fig- 
ured on  gale 

of  40  mi. 
per  hr. 


13.1 

Granite 
ledge 

Red  granite 
rubble 
6.5t 


4.5t 
None 
None 


180  sluices 

each  6.56  ft. 

wide 


E.  N.,  Sept. 

30,  1909; 

Cassior's, 

Feb.,  1903 


Granite.  10  ft. 

cut-off  wall 

10  ft.  deep 

Cyclopean 


S.  Australia 
1899-03 
,95 
113 


472 
4.5 

45 
200 

2 
Shale 

Cyclopean 


N.  8.  W. 
1908 
224 
240 


784 
18 

leo 

1200 

12 

Granite 

Cyclopean 
16.8 

15.5 


Expansion 

joints  48  ft. 

apart,  begin 

140  ft.  below 

top.     Hot 

asphalt 

E.  R..  Oct.  2. 

1909 


Pressure 
assumed  15 

tons;  rail 

reinf.  in  top 

15  ft. 

E.  R.,  Sept. 

2,  1905; 
E.  N.,  Apr. 

7,  1904 


Factor  of 
safety,  2.16 


Engineer. 

Sept.  23, 

1910 


•  Including  both  pierced 
t  Vortical  presBurcH. 


and  solid  dam.     (a)  Increased  16'  in  1911  to  98  ft. 


Arrowrock  dam,  of  U.  S.  Reclamation  Service  on  Bois^  river,  Idaho,  is 
highest  in  the  world.  Built  1912-15.  Maximum  hight  above  foundation, 
351  ft.;  above  river  level,  260  ft.  Length  on  top,  1050  ft.  Minimum  thick- 
ness, 15.5  ft;  maximun,  238  ft.  Radius  of  center  line  of  top,  661.74  ft. 
Parapets  on  each  side  of  roadway  extend  4  ft.  above  top  of  dam.  There  is  a 
waste  weir  400  ft.  long,  separate  from  the  dam,  with  crest  about  5  ft.  below  top 
of  dam;  but  the  dam  is  designed  to  permit  a  flow  2  or  3  ft.  deep  over  its  top 
in  great  floods.  Cross  section  is  of  gravity  type,  with  vertical  upstream  face, 
the  portion  below  100  ft.  being  offset  3  ft.  upstream.  Foundation  is  hard  granite. 
The  dam  is  of  concrete  cast  against  wooden  forms;  proportions:  1  sand  cement 
2\  sand,  5J  gravel  and  2 J  parts  cobbles,  with  a  richer  mixture  for  10  ft.  fron 
each  face.  Sand  cement  was  made  of  55  jx>r  cent.  Portland  cement  and  4:- 
per  cent,  pulverized  granite,  reground  to  pa.ss  90  per  cent,  through  a  siev 
having  200  meshes  per  inch.  There  is  a  20-ft.  inspection  gallery,  25  ft.  from  th. 
upstream  face,  with  its  bottom  235  ft.  below  top  of  dam.    Above  this  galler; 
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weeper  drains,  10  ft.  center  to  center,  sloping  uniformly  to  within 
ft.  of  upstream  face  25  ft.  below  top  of  dam;  below  the  gallery  are 
.ins,  10  ft.  center  to  center,  extending  vertically  into  the  rock  beneath 
1.  There  are  vertical  contraction  joints,  normal  to  the  faces  of  the 
)0  ft.  apart. 


Table  47.  Typical  Masonry  Dams  (Not  Overflow). — Continued 

Dimensions  in  Ft. 


Bear 
Valley  • 

Beetaloo 

Boonton 

Boyd's 
Comers 

Burraga 

California 
1884 

64 

300 
3.17 

8.4  at  48 

below  top, 

20  max. 

335 

S.  Australia 

1888-90 

110 

118 

367 

14 

110 

1428 

5 

Shale  and 
quartsite 
Concrete 

7.0 

4.6 

New  Jersey 

1900-05 

105 

114 

1850 

17 

77 

New  York 

1866-72 

58.0 

78.0 

670 
8.6 

57 

Australia 

1893 

39 

41.0 

425.6 
2.0 

25.8 

539.8 
2.5 

Slate 
Cyolo^an 

It 

ove  stream-bed 

ove  lowest  founda- 

xclusive  of  cut-oflf 

). 

on    top    (omitting 

y). 

n  thickness  at  or 
»p. 

n  thickness  at  or 
:>ttom. 

f  upstream  face  (if 

in  plan). 

f    top    above   full             4 
'el. 
r  of  foundation. . .  .       Granite 

XASonry Granite 

'       rubble 

5.0 

Shale  and 

sandstone 

Cyclopean 

of  syenite 

9 

8 
None 
None 

3 

Rook 

Concrete 
hearting,  cut- 
stone  lacing 

11  pmsujv  \iti  ucvi 
>er  sq.  ft.). 

n  pressure  on  too 
►er  sq.  ft.). 

At  full  res.  level. 

•e. 

■ 



1 

Pressure  liin-     Pressure  of 

Pressure 
limited  to  10 
tons;  spill- 
way in  cen- 
ter; 3  rails 
laid  near  top 
to  care  lex 
expansion 
Proc.  Inst. 
C.  E.,  Vol. 
152,  1903 

■s 

ited  to  40 
tons.    Max. 
arch  stress  — 
59  tons  per 
sq.  ft. 

E.  N.,  June 
23.  1888 

5.6  tons  82.8 
ft.  below  top. 

Temijera- 
ature  cracks, 

J"  wide. 

were  grouted 

» 

Proc.   Inst. 

C.  E.,  1892. 

Vol.  113,  p. 

151 

E.  R..  1903. 

Vol.  48, 

p.  153 

Wegmann 

is  the  old  dnm,  which  was  the  first  of  thin-arch  dams,  in  1911  a  dam  of  novel  type  of  re- 
uncrete  multiple  arch  construction  was  completed  a  short  distance  downstream,  inundat- 
i  dam:  The  new  dam  is  363  ft.  long,  of  02  ft.  ma:!c.  hight,  consisting  of  11  buttresses  32 
nd  10  arches.^  The  buttresses  am  braced  one  from  another  by  struts;  they  are  12  in.  thick 
d  increoiie  uniformly  to  bottom,  the  highest  being  26  in.  thick  at  the  base.  Each  end  arch 
pill  way  openings,  the  combined  capacity  being  1220  c.  f .  s.  Area  of  watershed  is  56  sq.  mi. 
ation  on  p.  171.    Ref.  E.  N.,  Dec.  25.  1913  and  Oct.  28.  1915.    See  p.  171. 
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Table  47.    Typical  Masonry  Dams  (Not  Overflow). — Continued 

Dimensions  in  Ft. 


Name. 


Looality 

Year  built 

Hight  above  stream>bed 

Hi|(ht  above  lowest  founcla- 

tion  (exclusive  of  out-o£F 

irenoh). 
Lei^th    on   top    (omitting 

spillway). 
Minimum  thickness  at  or 

near  top. 
Maximum  thickness  at  or 

near  bottom. 
Radius  of  upstream  face  (if 

curved  in  plan). 
EUght   of    top    above  full 

res.  level. 
Character  of  foundation.. . . 
Kind  of  masonry 


Burrator 


Cataract 


Chartrain 


Chemnita 
(Einaiedel) 


Rire 


Maximum  pressure  on  heel 

(tons  per  sq.  ft.). 
Maximum  pressure  on  toe 

(tons  i>er  sq.  ft.). 
Allowed  ice  thrust,  tons  per 

lin.  ft.  at  full  TtM.  level. 
Allowed  for  upward  water 

pressure. 

Remarks 

References 


England 
1893-96 

89 

145 


361 

18 

63t 


12± 

Granite  bed 

Giranite 

blocks  in 

concrete 


Proc.  Inst. 

C  £., 

Vol.  146, 

1901 


Australia 
1902-08J 

167 

192 


811 

16.5 

168 


6.6 

Sandstone 
Cyclopean 


None 

None 

Drains 
E.  N.,  Dec. 
6.  1906;  Jiue 

23,  1910; 

E.  R.,  June 

6.  1908 


IVanoe 
1888-92 

163 

180 


13.12 
159.9 

1319 

1.6 

Rock 

Granite 

rubble 


Limited 
to  11.3 


Germany 

1894 

65 

92 


590 

13 

65.5 

1316.5 

1.64 

Slate 
Rubble 


NewYori 
1905-07 

155 

170 


772 

23 

110 


Wegmann 


E.  R., 
July  28, 1894 


10 

Qnetv 
Cyclopesn 


10.0 
12.5 
12 
See  Ashok&D 


Isi.  K., 
Sept.  14, 

1907: 
June  1ft. 

1906 


*Max.  allowable  pres.  on  hee 
used.    1 77'  below  water  level 


and  toe  taken  small  (9.5  tons)  on  account  of  moisture-laden  sandftoM 


Table  47.    Typical  Masonry  Dams  (Not  Overflow). — Continued 

Dimensions  in  Ft. 


Name, 


Croton 
Falls 


Furons 


Gileppe 


Granite 
Springs 


Hemet 


Locality 

Year  built 

Hight  above  strpain-bed. . . . 
Hi^ht  above  low  est  founda- 
tion (exclusive  of  out-ofT 

trench). 
Leni^th    on    top    (omitting 

spillway). 
Minimum  thickness  at  or 

near  top. 
Maximum  thickness  at  or 

near  bottom. 
Radius  of  upstream  face  (if 

curved  in  plan). 
Hight  of  top  above  full  res. 

level. 
Character  of  foundation. . . . 
Kind  of  masonry 


Maximum  pressure  on  hee 

(tons  per  sq.    t.). 
Maximum  pressure  on  toe 

(tons  i>er  sq.  ft.). 
Allowed  ice  thrust,  tons  per 

lin.  ft.  at  full  res.   cvel. 
Allowed  for  upward  water 

pressure. 


Now  York 

1906-11 

113 

107 


1095 

23 

127.7 


RemsTks 


12 

Granite 
Cyclopean 

10.0 


12.5 


15 

I 
See  Aflhokan 


France 

1862-66 

170.6 

183.7 


330 

9.9 

161 

841.4 

6.56 

Mica  schist 
Hubble 

f  .  ) 

I    Limited 
'\      to  6.6 


Belgium 
1869-75 

151 

154 


771 

49.2 

215.9 

1665 

6.6 

Rook 
Rubble 


0.14 


Wyoming 

1903-04 

86± 

96 


410 

10 

56 

300 

3 

Gabbro 

Uncouraed 

rubble 


Calif omis 
1890-95 
122.5 
135.  S 


260 
10 


.4 
1.0- 


OfMrilt 
rvbbto 


References. 


Proc.  Mun. 

Eng..  1910; 

E.  11.,  Mar. 

28,  1908 


Wegmann 


Sp.  gr.  of 
stone  reduced 
from2.3tol.3 


Wegmann 

E.  N.,  Dec. 

25.  1886 


E.  R.,  1905, 

June  24, 

p.  698;  E.  N., 

1905,  June 

20,  p.  671 


Dencnedfoi 

idttmata 

hight  of 

160  ft 

18th  An. 

Rept.,  U.  8* 

G.  S.,  1897 


For  Crystal  Springs  dam,  see  San  Mateo,  p.  172. 
For  Croton  or  Cornell  dam,  see  New  Ooton,  p.  171. 
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Table  47.    Typical  Masonry  Dams  (Not  OTerflow). — Continued 

Dimensions  in  Ft. 


Name. 


Ptoriyar 


Rooaevelt 


San  Mateo* 


Shoshone 


Sodom 


Locality 

Year  built 

Hight  above  stream-bed 

Hight  above  lowest  founda- 
tion (exclusive  of  cut-off 

trench). 
Length    on    top    (omitting 

spillway). 
Minimum  thickness  at  or 

near  top. 
Maximum  thickness  at  or 

near  bottom. 
Radius  of  upstream  faoe  (if 

curved  in  plan). 
Hight  of  top  above  full  res. 

level. 
Cliaraoter  of  foimdation 

Kind  of  masonry 


Maximum  pressure  on  heel 
(tons  per  sq.  ft.). 

Maximum  pressure  on  toe 

(tons  per  sq.  ft.). 
Allowed  loe  thrust,  tons  per 

lin.  ft.  at  full  res.  level. 
Allowed  for  upward  water 

pressure. 

Remarks 

References 


India 

1888-96 

155 

178 


1231 

12 

136 


Bedrock 
(sjrenite) 
Concrete 

>9 


>9 
None 


12th  An. 

Rept..  U.  8. 

G.  S,  1891 


Ariiona 
1905-11 

262 

284 


1080 

16 

170 

418 

20 

Bedrock, 
sandstone 
Cyclopean 


22 1 


23t 


E.  N.,  1905. 
Vol.  53.  p.  34; 

Sept.  10. 
1908.  p.  265 


California 
1887-88 
146 
162 


680 

25 

176 

645 

8 

Fissured 

sandstone 

Concrete 

blocks 


Whole  head 

See  p.  125 

U.  S.  G.  S., 

18th  Report, 

Part  IV. 

1897 


Wyoming 

1905-10 

243 

328 


175 
10 
108 
155 
10 
Solid  granite 
Concrete 

Desired  as 
horisontal 

arch  includ- 
ing temp, 
stresses 


E.  N..  Dec. 

9,  1909; 
E.  R..  July 

23.  1910 


New  York 

1888-93 

78 

98 


500 

12 
53 


'10 

Roek 

Councd 
nibble 


None 
None 


X.A.8.CE<* 
Mar.,  1801 


Table  47.    Tjrpical  Masonry  Dams  (Not  Overflow). — Ctmiinued 

Dimensions  in  Ft. 


Name. 


Spier  Falls 


Sweetwater 


Sweetwater 


Thirlmere 


Titicui 


Locality 

Year  built 

Hight  above  stream-bed. .  . . 
Hi^ht  above  lowest  foimda- 
tion (exclusive  of  cut-off 

trench). 
Length    on    top    (omitting 

spillway). 
Minimum   thickness  at  or 

near  top. 
Maximum  thickness  at  or 

near  bottom. 
Radius  of  upstream  face  (if 

curved  in  plan). 
Hight  of  top  above  full  res. 

level. 

Character  of  foundation 

Kind  of  masonry 


Maximum  pressure  on  heel 

(tons  per  sq.  ft.). 
Maximum  pressure  on  toe 

(tons  per  sq.  ft.). 
Allowed  ice  thrust,  tons  per 

lin.  ft.  at  full  res.  level. 
Allowed  for  upward  water 

pressure. 
Remarks 


>>eierenoc8  ...•.•..•••... 


New  York 

1900-05 

90 

154 


552 

17 

113 


10 

Granite 

Rubble. 

Cyclopean 

granite 

6.6 

6.6 


Silt  in  water 

for  60.  ft  at 

mid-depth, 

sp.  gr.  ->  l.G 


E.  N.,  1903. 

Vol.  49. 

p.  553 


California 

1887-88 

75 

94 


380 

12 

.   46 

222 

5.5 

Porphyry 
Rubble 

5.8 
15.8 
None 


In  1895.  dam 

was  over- 

topp)ed  with 

22  in.  water 

for   40   hrs. 

without 

injury 

T.  A.  S.  C.  E.. 

Vol.  19.  1888, 

p.  201 


(Extension) 

California 

1910-11 

110 

129 


380 

12 
76 
222 

5 

Porphyry 
Cyclopean 

8.14(a) 
9.45(a) 
None 


Addition 

bonded  to 

face  of  old 

dam 

(a)  Vertical 


E.  N..  Mar. 

30.  1911. 

p.  371 


England 

1886-93 

58.5 

112 


1«.5 

51.7 

118.5 

6.0 

Ledge  rock 

Cyclopean 

concrete 


Plan,  reverse 

curve,  to 
follow  ledge 


Proo.  Inst. 

C.  E..  Vol. 

126, 1895,  p.  5 


New  York 
1890-95 
109 
135 


534 
20.7 
81.4 


Rook 
Rubble. 

rough 
coursed 


E.  R.,  1895. 
Vol.  32. 
p.  58 


*  Also  known  as  Crystal  Springs  dam.     t  "Construction  of  Masonry  Dams**,  C.  W.  Smith,  1915. 
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Table  47.    Typical  Masonry  Dams  (Not  Overflow). — Concluded 

Dimensions  in  Ft. 


Upper 
Otayt 


Urft 


Villar 


Wachiuett 


Wigwam 
(Waterbury) 


ZoU 


lit 

tx)vo  stream-bed. . . 

ove  lowest  founda- 

exclusive  of  cu^ff 

). 

on    top    (omitting 

iy). 

n  thickness  at  or 

op. 

m  thickness  at  or 
ottom. 

i  upstream  face  (if 
i  in  plan), 
top  above  full  res. 

!r  of  foundation . . . 


masonry. 


m  pressure  on  heel 
per  sq.  ft.). 

m  pressure  on  toe 

per  sq.  ft.). 

ice  thrust,  tons  per 

at  full  res.  level. 

for  upward  water 
re. 


California 
1900 

84 


350 
4 

14 
361 


Porphyry 

Masonry 

reinforced 

by  plates 

and  cables 


Germany 

1901-04 

175 

190 


741 

18 

165.5 

656 

3 

Granite 
schist 
Trap 

masonry 


Spain 
1870-78 

162 
170.33 


349 
14.76 

154.6 

447 

8.25 

Rock 

Rubble 


Manachusetts 

1900-06 

146 

207 


850 
22.5 


187 


9.60 


Wejcmann 


None 


(Continu- 
ous drains 


E.  N., 
July  16, 

1903: 
Engineer- 
ing, Nov., 
1907 


Ptoc. 
Inst. 

O.  £i., 

Vol.  71, 

p.  379, 

1883 


20 

Granite  and 

schist 

Granite 

rubble 


12. C* 

10.7* 

23.5 

Full  head  at 
heel.  0  at  toe 
applied  on  | 
area  of  joint 


E.  R.,  Sept. 

8,  1900; 

E.  R., 

Oct.  6,  1906 


Gonnecticut 

1893-94 

77 

91 


600 
12 

62.08 

600 

7 

Gneiss  and 

sandstone 

Rubble 

masonry 


Designed  for 
90  ft.  hight 


E.  N..  May 
7,  1903 


fVanoe 

1843 

119.7 

123.2 


205 
19 

41.8 
158 


Rubble 


8.12. 

62' 

above 

base 


Under 
full  head 
pressure 
Ime  falls 

11.5  ft. 

outside 

of  base 
Wegnann 


cal     t3'  of  water  passed  over  crest,  Jan.  1916,  without  damage. 


WATERWORKS  HANDBOOK 


Austin,  Colorodo    River, 


^  El.  570.0 
Betwa.(  Max.  Section.) 
Flo.  75.    Overflow  Dams. 
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Fia.  77. — Overflow  daiiia. 
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Fio.  78. — Overflow  dams. 
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Fig.  79. — Overflow  dams. 
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^'-20'-^ 


3' Fad. 
3. 


Turlock. 
(La  Grange) 


O'     lO'     to'    30'    40* 
L,,L^ L_J 1  ^3. 


\i-'20'"-)\ 


Flood  Uve/, 


0'      lO'     20'     30'     40' 
1 1 1        I 1 


Spier  FaUs 
on  Next 
Page. 


BacklVater 


! 


:if_ 


Fig.  80. — Overflow  dams. 
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Fio.  79. — Overflow  (Ums. 
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o'    10'  20'  30'  40'  ^.ii^i^'mYiaif'^^^ 

L.Hl.M.I 


/     1        At,*' 


124'-^ 


FiQ.  82. — Non-overflow  dams. 
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«NB 


■»i3//;i< — 


'Rad.535' 


64,0- 


|<.A'6(7--H 


Burraga  D( 
Prtvious^l 

Burrator  C 
not  Showr 


7^      **•*'''••-' 


20 


i<tO'y\ 


^ 3S/60 


55!eo 


Boyd'§  Corners 


\<-r"Radl.  1426, 
^^'^-' El,  1210. 


Beeta\QO, 


^     Doonton. 


Fig.  83. — Non-overliow  dams. 
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Fio.  84. — Non-overflow  dams. 
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I 


Fad.  1665.' 


EU22.5 


t{^l-EL/60.,Pn)/ectei 
/    I  U/ffmaf 


/Pa</.  ?a 


?0'  40'    60'    80' 


rEl.no.O 


Gate 
Air\ 


Hemet. 


216' 


-93.0 


!<- 399.'S0  ffad. 


For  Kensio 
See  P.  132 


Fiu.  85. — Non-overflow  dams. 
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Fio.  86. — Non-overflow  dams. 
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Fiu.  87, — Non-overflow  dams. 
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j7. 0  H/^ 


ELBBAO 
Had.  •  8i!74 


O'    20'    40*    60' 
I    I    1    I    »^i.  t 


^ffsin^^J^^f^^ 


tm.75 


Sodom. 
ms'Rad,"'' 


113.1 
Spier  Falls* 


El.  20.0 


222' Rad. 


Thirl  mere. 


0'    10' 


20'    30' 
-J I 


7BiO  H 

Sweetwater  (Extension). 


Fia.  88. — Non-overflow  dams. 

*  For  orerflow  portion,  see  p.  180. 
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I 


J 


'^'36'-y 


ly-E  1.0.0 

~-Ei.5.0 
EI.H.O 

'"El.  24.0 

—Ei.54.0 
-  El.  42.0 

-Ei.se.o 


0*   K)'    20'    30' 
Upper  Otay. 


-'*---■  tirfL-r  .Ttint 


MA80N.RY  DAMS 


tf Rod.ise: 

K- 

Zh^ ^ 

0'      lO'     10'    30'    40' 

\ 

%0 

*-—Rad.447. 

\:i         ■* 

:/.  ia.2S 
'1.48.25 

.i4is\                                          ,     \      1 

.-2«.'2!-\                                   1                              -    1 

7.6«.25 

< 44'67 \ 

* 5Z'.8S   —V 

J 

ti.'a         \v       1 

Zoloi. 

f/.  9Z.S4 

\ 

A- 

/i 

\ 

O'     lo'    ItJ    iO'    40' 

\ 

IS4!S9 

Xf/. 

;7a3j 

Villar  , 

Fiu.  GO. — Non-overflow  duina. 
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Fig.  91. — Xon-overflow  dams. 


•  DiMS 


CHAPTER  VIII 

ROCK-FILL  DAMS 

Advantages.  A  rock-fill  dam  is  an  eznbanknient  of  loose  rock  fragments 
HH\»\n trill tii^  u  water-tight  face  or  containing  a  water-tight  core  of  masKinnr, 
w*Hft\  or  rn«rtal,  or  .some  combination  of  these  materials,  or  backed  by  an  earth 
f ;rf I  \nui  k  ni^nt.  Chief  advant^iges  are  low  cost  and  quick  construction.  When 
ilic  foiiiidution  is  pen'ious  rock,  making  an  earth  dam  impossible  and  requiring 
It  iriiiHonry  darn  of  large  mass  to  resist  upward  water  pressure,  the  free-draining 
v.UnnifU'r  of  a  rock  fill  makes  it  esj)eciall-3(4uitable.  Almost  complete  elimina- 
tion of  cjiun'ui  is  a  great  advantage  in  inaccessible  regjions. 

Dimensions  and  Cores.  The  foundation  should  be  rock  stripped  of  all 
iMirth.  A  ciit-ofT  trench  is  excavated,  in  which  the  facing  or  core  is  started, 
woofi  or  MM^tal  being  footed  in  concrete  or  other  masonry-.  Top  \%'idth  should 
bf^  not.  IfhH  than  10  ft.  and  hight  above  extreme  high  water  not  less  than  5ft. 
Thrrr  hIioiiM  1)0  a  liberal  spillway.  Upstream  slope  may  be  1  on  J,  or  even 
Ht<*fpi'r  if  I;iid  up  as  a  dr>-  rubble  wall  to  support  water-tight  facing.  Doi^ii- 
Htrenin  hlope,  or  both  sIojm's  if  core  is  used,  may  be  1  on  1  to  1  on  1  J,  and  maybe 
rotij^h  or  laid  to  a  neat  face.  Some  rock-fill  dams  have  steep  downstream 
hlopi'h;  othc»rs  have  nearly  vertical  faces,  and  some  have  stepped  faces  of 
roiiKlily  sfjuared  stones.  One  or  l>oth  faces  may  be  laid  in  mortar  and  faced 
with  concrete.  Metal  core  or  facing  Is  usually  of  steel  plates  riveted  and 
ealkcil,  coated  Avith  asphalt,  or  asphalt  and  burlap,  and  supported  by  concrete 
walls  or  embedded  in  concrete.  Plates  should  not  be  less  than  J  in.  thick  and 
ought  to  be  thicker  in  the  lower  part  of  a  high  dam.  • 

Requisites.  Kock-fill  dams  ma\'  be  varied  widely  in  shape  and  details  to 
suit  local  conditions;  the  requisites  are  an  unyielding  foundation  which  cannot 
be  eroded  by  copious  set^page;  abundant  Aveight  to  resist  the  water  pressure;  a 
water-tight  core  or  facing  of  such  materials,  and  so  constnicted,  supported  and 
protected  that  it  cannot  be  disrupted;  stones  for  the  "fill"  of  good  weathering 
qualities,  washed  of  all  earth,  hard  enough  to  withstand  the  weight  and  pres- 
sure and  so  placed  that  no  material  settlement  can  occur.  Descriptions  and 
illustrations  of  many  rock-fill  dams  are  given  by  Schuyler  (Reser\-oirs  for  Irri- 
gation, Water  Pow(T  and  Domestic  Water  Supply),  Wegmann  (The  Design 
and  Construction  of  Dams)  E.  R.  and  K.  N. 

Details.  M.  M.  0\Shaughn(?ssy  *  disapproves  of  sheet  steel  in  the  concrete 
facing  of  a  rock-fill  dam,  as  adhesion  of  the  concrete  to  the  smooth  face  of  the 
rteel  would  be  ciuestionable,  and,  with  reservoir  empty  and  no  expansion  joints, 
lemperature  changes  nn'ght  (rause  the  steel  to  buckle,  thus  creating  a  cavity 
vhich  might  be  subjected  to  hydrostatic  pressure.  Soil,  silt  and  clay  should 
be  excluded  from  the  mass  of  the  dam,  but  not  quarry  waste,  composed  of 
spalls.  If  there  is  a  sliortage  of  spalls,  break  off  sharp  edges  of  flat  stones,  and 
chink  in  the  caviti(*s  with  broken  stone.     The  lower  slope  of  a  rock-fill  dam 

•TraoB.  Am.  Soc.  C.  K.,  Vol.  75,  1U12,  p.  27. 

192 


**».— 


194 


WATERWORKS  HANDBOOK 


For  Morena  rock-fill  dam,*  San  Diego,  Cal.,  180,000  tons  of  flxeeedinglj 
hard  granite  were  dislodged  from  an  adjacent  moimtun  side  by  ooe  "dum 
shot,"  at  a.  c<»t  of  4.3  cents  per  ton.  The  charge  included  1900  lb.  of  60  per 
cent,  dynamite,  3500  lb.  40  per  cent,  dynamite  and  33,500  lb.  of  7  and  9 
per  cent.  Champion  powder. 

Table  48.    Rock-flU  v 


{•olid   mBKmry) 

"».ifr 

2S4ft. 

170  ft. 

16  ft. 

340,000  cu.  yd. 

1080  ft. 

4yra. 

S3,468,000 

267  ft. 
300  ft. 

left. 

306,000  cu.  yd. 

550  ft. 

5  vre. 

SI,  100,000 

Time  cunsumed  in  huildinR 

Cost 

Note  that  Roosevelt  dam  has  twice  the  crest  length,  and  thatrit  was  built  in  one 
year  less  time.  Freedom  from  uplift  Js  a  desirable  feature  in  favor  of  the  rocV- 
fill  type.  One  impen'ious  surface  next  to  the  water  pressure  is  the  object  to  be 
attained  in  dam  construction.  Rock  can  be  excavated  economically  by  masi 
shots  at  higher  levels  above  a  dam  without  endangering  the  site,  providing  the 
strata  are  located  eo  that  the  effects  of  explosions  will  not  open  seams  in  the 
vicinity.f 


Fill.  94.— Mor 


Elevation  and  section. 


Lower  Otay  Dam."  The  top  of  the  Lower  Otay  dam,  San  Diego,  Cal.,  is 
615  ft.  long  and  15  ft.  wide.  Rock,  from  quarries  adjoining,  was  dumped  on 
both  sideH  of  the  core  by  Lidgcrwoi>d  cableways,  care  being  taken  not  to  dis- 
turb the  core  when  placing  rock  adjacent  to  it.    The  slopes  of  dumped  rock  are 

•Trunii.  Am.  Soo.  C.  E.,  Vol.  75.  1912.  p.  2T. 

*■■  "      ■     '        ■"  "r  filled  within   18io.  oleiwt  without  lUinace  t« 


.    (B.tt 


,  Kcb.  12,  1910.) 
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a  little  steeper  than  1 )  horizoatal  to  1  vertical.  The  dam,  com  jdeted  in 
had  never,  up  to  1911,  been  subjected  to  full  head  of  124  ft.,  but  in  Ji 
1909,  a  depth  of  109.5  ft.,  and  in  May  of  1910,  a  depth  of  119.5  ft.  cause 
saturation,  for  the  first  time,  of  the  soft  materials  mixed  with  rock  froi 
quarries,  and  the  result  was  a  slight  settlement  on  the  upstream  side.  . 
tional  materials  have  been  hauled  to  keep  the  top  of  the  dam  level.  Thi 
this  dam  there  has  always  been  a  slight  leakage,  which  fluctuates  with  the 
in  the  reser^-oir,  as  the  fonnatJoa  is  a  seamy  porphyry,  but  it  has  no 
attained  any  serious  proportions.  This  is  one  of  the  strongest  objectic 
structures  of  this  type,  as  it  is  not  possible  to  determine  the  exact  location  ( 


[oo+ol  Section  D-D. 


Fi«,  96. — Morcna  dam,  gate  house.*  Fiu.  97.— Morena  dam  gate  hoi 

leakage  without  endangering  the  dam  by  prospecting  in  the  mass  near 
thin  core.  To  obviate  serious  cracking  of  the  skin  which  might  be  cause 
settlement,  grooves,  3  ft.  square,  and  48  ft.  from  center  to  center,  were  pi 
in  the  niHsonrj-,  and  into  these  eoncrctc  was  poured,  and  brought  to  an  i 
lutely  smooth  surface,  the  general  average  plane  of  which  projects  : 
beyond  the  general  face  of  tlie  ma.'ionry.  In  tlie  future  it  is  proposed  to 
reinforced  concrete  slabs,  averagiiiR  1  ft.  in  thickness,  on  the  face  oi 
masoniy  and  attached  to  it  by  }-in.  iron  rods,  4  ft.  center  to  center.     T 
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fur  puddle  eoro  depends  largely  upon  character  of  the  other  materialfl  ; 
einbaiikment  and  conditions  and  methods  of  construction;  at  the  base  < 
dam  it  should  rarely  be  less  than  one-third  the  depth  below  full-reservoir 
Itelow  the  ground  surface,  in  the  trench,  the  thickness  may  be  material 
duceil.  Some  engineere  prefer  to  step  the  sides  of  the  puddle  core,  or  to 
the  reeenxMr  side  and  make  the  other  substantially  vertical.  Whatever  ki 
ctune.  if  an>\  l^  used,  precautioos  must  be  taken  to  prevent  water  undei 
IHUfettble  head  flowing  down  along  tlie  side  of  the  core  and  beneath  it.  A 1 
of  iHiddle  has  sometimes  been  extended  from  the  core,  beneath  the  embanki 
lUi  the  TViji«T\'W  side  and  over  a  portion  of  the  re8er>'oir  bottom,  to  aid  in 
venting  percolation  beneath  the  dam.  For  further  information  on  puddl< 
abo  |v  61^  Hrttkh  enginwn  favtv  day  puddle  cores  rather  than  maso 
llie  (\vr^  b  plMf^  aIoQ|[  ibe  omter  Kne  of  the  dam,  vertically  over  the  pu* 
tnHH^.  Kaukitt  staiiM^  ihAl  tkiekness  of  base  of  puddle  wall  should  be  al 
^MH'^lKird  thi^  higtit«  and  tkiirkae^  as  the  top  about  one-half  the  base. 
IHkMi^  x»^l  i»  c^  itt  t&nfif  {^x$£taott$:  r  a\  in  the  center  of  the  dam;  (b)  on 
u^y^w^5n"^  «iv>tv:  .v'^  Sfgw^^ML  tb<s?e  twx>.  The  advantages  of  (a)  are: 
\v*iK«'x  <\Nitv^:fc«*:va  oc  tanf  pooiie  tn»ich:  v-)  minimum  quantity;  (3)  ] 
»vv*»sv<t  ?Sv«t  NS:r««r^f«r*:k«tt  by  wiad.  waiter,  burrowing  animals,  etc.  ' 
.,ii;^*A'4>».'.<,c«;HN»c  V*?tf^  '  «6«crta>ttorruptureby  settlement;  (2)  diflBci 
M  •'v^M  -'v  ,  <"  ^[p«4r^«ib:]t  iKtrcustkineac  bsat  be  saturated  to  an  undesin 
A^^«^  t'v^  %«A  ^tcdiBij^  .*<  V^  are:  T  sifttlement  is  imiform  with  upstn 
l^s-s  .  \  "'^  -^^>v>  ^^  -vfcWiT  ■<?  cvoii^cufics  a  wTiter-proof  covering.  The 
k  iv  » «=*«r%^^«^  ^^  /^^  t*^-  V  atvi^  stzfcStfnai  nNiuired  than  for  (a);  (2)  sub 
xv.i'v,     ...«,v    H%  -t^H.v    '.K^  itwtt:    -5    e?t;?0!nire  to  action  of  waves,  sun, 

'->•■  kx'u.'..^  « ..: N.     t     ii«.-<  .>k  <:*^uicy  a:  on&iary  slopes  of  dams. 

V  i..,x  ^vx^..^.^     »,>«.x:    ic.  ,t  ,vr*.     Tlta*  presimire  of  surrounding  ma 

*      ' .,  '...»*»»    ve»\  ^^  S«^v  -jt  5ucti  condition  that  it  will  neither 

»*     •      .  -    .  u-«    \»*  X  *;*  :vii»     >ufT:ic>f  .*uiy9  make  better  core  than  d< 

X  .  \  v.K.^         •;wttt> -i«ftc  iotf  saoid.  with  finely  pulverized  I 

»v*>^^'>v         -A     «;r  la  3y\inulic-fill  dam,  as  it  does 

•  "■  x    »  .  I        :.    N» »  .  .*.x        *>  *,  •       r   *^m6aiA:>on  of  clay  and  fine  san 

""  ^'^    ^^  •     ^*»^'    V  •«  -   -•- .^i^r*:    .m::m     ksc  ^hie  addition  of  0.1  per  cent.  • 

i.u  I.,  v'i  .xKi.i  xk.:i  •ti.i.v.'  -w\'it.>c  i.-2      -li:-  1  ^Y:uLiUe  for  puddling.     Clen: 

U»  iM  Ijvi  v:u:::.N  /la:  vvL^     -iji'iiijc     x*^  -tfi  3iab»  a  more  waterproof « 

iU  Hi  .\\.     \\  vji  ;\ioi:»r  Tti  jiu:  >  ^-<r:,  1  sprinkled  with  saltpeter,  K^ 

i'vi^'iv  loiliivt  -'.  *'^  -*.'  :rf--i  7.  r  tti^;*  .i?.     Thie  tKi?l  for  puddle  dams  use 

IukIu  i^  u*  vi:*  i  h.:^  1  ::.  si^litv  :^_-u«>  :  vwk*$  work,  fill  with  water, : 

lu^lo  the  uiiie  ::  :4iT^  :•:   i-sirctfttr.     O  xxi  i^idd&e.  4  days  after  deposit 

hhikuld  out  like  rlrtr^^  i-.f  >h-:T  -•;  aIt  s^^a.-vs^ 

Ihiddle.  frv^  fr  -  I  —  r^  :r  5%-^-<  jL-^cvr  -.hjkn  2  in.,  if  laid  in  6-in.  layers, 

U*  praeticiJiy  wi:.rr-::*zr.:.  bu:  c;i:.r.. :  ;v  r^Iievi  upon  to  prevent  inroad 

animals.     A  hxy^T  of  rrker.  >:.-..  ^  :::.  thiok.  on  the  lower  slope,  has  b 

Tifficient  prr.tei.:i..n  iiii->t  burrx  wiiii:  animals.     Puddle  of  80 

4  arid  20  jm-t  cf-r.t.  clay  is  Iivsc?  ohsi:y  attacked  than  pure  clay.    I 

itenr>r  of  an  earth  dam  has  ihe  advantage  that  animals  can 

it,  due  to  ifj*  lar-k  of  cohesion.     Clemens  Herschelsays:    To  bei 

Jefiriite  pf-r'unl,  an  earth  dam  should  have  somewhere  in  its  cr 
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water  in  the  reservoir,  and  to  draw  in  with  offsets  of  10"  on  each  face  every  10 
ft.  in  hight. 

If  the  concrete  core  wall  goes  to  rock  of  reasonably  good  quality,  it  is  better 
not  to  disturb  the  rock  by  blasting.  At  Weston  reservoir,  F.  P.  Steams  exca. 
vated  into  rock  a  very  little  where  rock  was  loose,  or  where  there  were  large 
seams,  but  the  rock  was  cleared  for  a  distance  of  20  ft.  upstream  from  the  core 
wall,  all  seams  filled  with  mortar,  and  subsequently  covered  with  an  embank- 
ment of  fine,  clayey  earth;  this  20  ft.  was  about  equivalent  to  the  expected 
water-level  in  reservoir;  Steams  advocates  this  as  a  good  rule.  There  seems  to 
be  no  good  reason  why  top  of  core  wall  should  be  more  than  2  or  3  ft.  above  nor- 
mal water-level  in  reservoir,  for  a  flood  which  raises  water  several  feet  does 
not  last  long  enough  to  allow  bank  to  become  saturated.  The  stress  at  top 
of  a  core  wall  is  insignificant  compared  to  stresses  at  greater  depths.  Some 
recommend  keeping  top  width  of  a  core  wall  to  2  ft.,  and  using  material 
saved  for  increasing  the  bottom  dimensions.     (E.  C,  Jan.  18,  1911.) 

Depth  of  Core-wall  Foundation.  All  porous  material  should  be  removed 
from  the  site  of  the  embankment.  If  a  good  foundation  for  a  core  wall  easts 
10  ft.  or  somewhat  less  below  the  stripp)ed  surface,  there  appears  no  good  reason 
for  carrying  it  deeper.  It  is  character  of  foundation  rather  than  depth  which 
is  important.  In  some  cases,  however,  because  of  porous  materials,  it  has  been 
necessary  to  extend  cores  to  depths  in  excess  of  100  ft. 

Permeability  of  Cores.    Researches  by  Croes,  Smith  and  Sweet  determined 
that  in  an  earth  dam,  with  masonry  core,  there  was  a  continuous  water  plane, 
extending  from  the  water  surface  of  the  reservoir  to  the  core  wall,  and  on  the 
downstream  side  to  the  toe,  having  a  maximmn  inclination  of  about  20 
per  cent.,  showing  that  cores  are  not  water-tight,  as  the  dam  was  saturated 
below  this  plane.*    The  cores  in  North  and  South  dikes  of  Wachusett  reser- 
voir consist  of  6-in.  layers  of  fine  loam  soil  well  sprinkled  and  rolled.    Experi- 
ments have  shown  that  while  the  plane  of  saturation  on  the  reservoir  side 
was  at  water  level,  immediately  below  the  core  it  dropped  to  a  level  slightly 
below  the  base  of  the  dam.     Measurements  proved  that  the  water  draining 
out  of  the  dike  was  not  in  excess  of  the  natural  drainage  from  precipitatioi* 
on  the  area  of  the   dike  itself.     See  also  p.  206  and  E.  R.,  Nov.  30,  1901- 

HoUow  Core  Wall.  A  cellular  concrete  core,  consisting  of  two  parallel 
walls  a  few  feet  apart,  extending  through  the  embankment  longitudinally^ 
separated  by  vertical  and  horizontal  concrete  diaphragms,  has  been  proposed 
by  the  Ambursen  Company.  "The  upstream  wall  has  a  very  substantia* 
foot  keyed  into  rock  or  other  impervious  material.  Downstream  wall  nee<* 
not  be  keyed  in,  or  at  most  but  slightly.  Drain  pipes  with  open  joints  and  (J» 
large  capacity  are  led  from  the  core  wall  at  frequent  intervals  out  through  th^ 
embankment,  discharging  into  gutters  on  the  downstream  side;  joints  ar^ 
cemented  as  they  approach  the  toe  of  the  embankment  in  order  that  they  may 
not  be  clogged  by  penetrating  roots.  Water  which  may  find  its  way  througl* 
the  submaterial  or  come  through  joints  in  the  core  wall,  or  from  any  source, 
is    intercepted    by   the   hollow    wall   and    drained    away.     A    dry    earth 

•  Examinations  were  con6ned  to  dams  on  Croton   watershed,  N.  Y.,   built  before  present-^y 
Portland  cement  concrete  waa  known. 
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level,  and  much  higher  for  large  reservoirs.*    The  top  above  the  paving  and 
the  downstream  slope  are  usually  covered  with  soil  and  grassed,  as  a  protection 
against  rain  erosjon,  etc.,  and  for  more  pleasing  appearance.    In  regions  of 
little  rain  these  parts  are  sometimes  covered  with  gravel  and  kept  free  from 
vegetation.    If  field  stones  or  quarry  fragments  are  abundant,  the  downstream 
slope  is  sometimes  covered  with  them  giving  a  pleasing  appearance,  but  grave/ 
or  other  porous  material  should  be  placed  under  the  coarse  stone  to  prevent 
erosion  under  the  latter  by  surface  drainage.    On  water  slopes  pavement  is 
usually  of  stones,  but  concrete  in  slabs  or  blocks  and  rubble  masonr}'  in  mor- 
tar are  used  in  some  instances,  es])eirially  in  distributing  and  equaliadng  reser- 
voirs or  sedimentation  basins  which  are  to  be  cleaned  occasionally.    Stone 

TopSof'/ 
Grassed'^ 

V. 

Flow  Line 


Embankment  iobe  —ir  -t^-rrr  — Ripnxp 

Compacted  folhis  Line  ^^.      l^Hf  f^*^bble ,,^^^ 

oraboveitandthen         "*  ..^  "  Z  ^*"''^  S[;^!^»??^ 

Excavated  for  fhvinq.  \  « 

-*  ^.perm 

In  Vicinity  ofOafe-  Chambers  

Lining  made  Heavier.  ^  ^g^J^^^  Reservoir  Lining  be/ow  the  Berm  is  in  General 

y^i^^^^JZ~-rL  T  *        toid  to  sameShpe  throughout,  butaboue 
^J^lZ^  'Zl.  "ZLir.-   the  derm  the  Slope  and  Shape  of  lining  art 
^ijA^^^jn-ZT-n. -"-  "      Varied. 


Fig-  101.— Hill   View   Reservoir,   New   York   City.     Tj-pical   details  of  liiun«. 

(Variations  above  berm  are  for  landscape  effects.) 

paving  varies  from  large  rectangular  granite  blocks,  with  1-in.  joints  wdl  filW 
with  tightly  driven  spalls  laid  on  gravel  or  broken  stone,  to  stones  of  miscel- 
laneous sizes  and  shapes  only  roughly  laid  to  slope.     Materials  at  hand,  pf^ 
missible  expenditure,  nature  and  importance  of  dam  and  similar  considera- 
tions determine.     Likewise  thickness  of  paving  may  vary  from  1  ft.  to  sev- 
eral.    Stones  should  be  hard  and  of  good  weather-resisting  qualities,  especially 
in  regions  having  severe  frost.     Heaviest  and  best  stones  and  greatest  care  in 
laying  should  be  used  from  top  of  paving  to  a  few  feet  below  full-resemjif 
level,  in  order  better  to  resist  waves  and  ice.     For  this  belt,  paving  of  a  dis- 
tinctly better  class  is  frequently  used  and  cheaper  paving  or  riprap  beloW- 
For  best  results  paving  should  be  laid  on  a  laj'er  of  broken  stone  or  gravel 
from  6  in.  to  1  ft.  or  so  thick,  to  prevent  earth  being  washed  out  froK^ 
between  the  large  stones  by  waves  or  by  water  draining  out  when  the  reservoir 
level  Ls  rapidly  lowered.     To  resist  sliding  or  displacement  by  ice  it  is  weU 
to  put  many  long  stones  in  the  paving,  like  headers,  extending  through  th« 
backing.     These  ought  to  be  well  distributed.     Bemis  in  long  steep  sloped 
reduce  tendency  to  slide.     If  riprap  or  a  poor  class  of  paving  be  used,  th^ 
thickness  should  be  greater  in  the  belt  at  and  near  full-reservoir  level,  since 
v^  action  of  ice  and  waves  some  stones  will  be  displaced  or  moved  toward  the 

•  Ten  feet,  vertically,  is  not  too  much  for  large  reservoirs  ezpooed  to  v«ry  high  winds. 
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utside.     This  may  be  the  more  safely  done  if  a  hea\'y  stone  layer  is  to 
►ut  on  the  face  of  the  water  slope. 

Drainage.  Downstream  slopes  should  be  protected  from  erosion  by  pt 
'enting  concentration  of  surface  drainage.  Gutters  should  be  made  along  t 
nner  sides  of  berms  and  water  thus  collected  taken  into  a  pipe  drain  laid  t 
leath.  In  a  long  dam,  pipe  drains  should  be  laid  from  the  berm  drains  at  sa 
ible  interv-als  down  the  slope  and  the  drainage  led  to  a  safe  point  of  dispa 
»elow  the  toe.  Even  in  the  best  built  dams  some  seepage  will  occur  benea 
ind  through  the  embankment,  consequently  provision  should  be  madef 
his  water  to  drain  away  without  causing  sloughing  of  the  downstream  do 
>r  washing  away  material  from  the  toe.  To  this  end  the  more  pervious  n 
erials  are  placed  in  the  downstream  part  of  the  dam  and  a  blind  stone  dn 
aid  under  the  toe  with  a  collecting  pipe  drain  beneath.  From  the  latl 
Irain  a  pipe  with  tight  joints  is  laid  to  a  safe  point  of  discharge  and  arraof 
nents  are  conunonly  made  for  observing  or  measuring  the  flow,  so  that 
ncrease  occurs,  reasons  may  be  promptly  sought  and  if  necessary  correct 
[f  seepage  is  foimd  slightly  muddy  it  indicates  that  fine  material  is  bei 
crashed  out  of  the  dam.  This  means  that  a  water  passage  is  being  fom 
^hich  is  likely  to  enlarge,  perhaps  rapidly,  and  cause  trouble  or  disast 
Manholes  should  be  built  on  pipe  drains  at  angles  and  other  convenit 
fM)ints  for  insjwction  and  cleaning.  A  weir  or  orifice  with  recording  gage  i 
'overed  chamber  is  a  convenient  means  for  measuring  seepage. 

Foimdations  for  earth  dams  should  be  stripped  of  all  v^etation  and  1 
<<»il,  or  loam,  and  compacted  by  rolling  or  other  means.  From  the  upstre 
lialf  tree  roots  sliould  be  grubbed  out,  per\'ious  materials  removed  and  si 
)tlH>r  Ht(»|>s  as  the  site  may  demand  taken  to  prevent  seepage  beneath  the  di 
\m  an  additional  precaution  against  seepage  beneath  the  dam,  the  foundatioi 
«>inetiines  trt^nched,  furrowed  or  stepped. 

Culverts  of  concrete  or  other  masonry,  for  the  stream  or  other  draini 
luruiK  construction,  can  sometimes  be  built  and  the  dam  be  construe 
>ver  them  instead  of  leaving  gaps.  Cut-off  walls  must  be  built  bene 
md  around  such  culverts  and  ever^'  precaution  taken  to  prevent  fl 
j>f  watcT  along  them  through  the  dam.  Likewise  they  should  be  carefi 
wholly  or  partiidly  with  masonry,  when  the  passageway  is  no  Ion 
'iocded,  before  water  is  allowed  to  attain  much  depth  in  reservoir. 
'  „    ,^^^^^®  ®^  Construction.    Construction  should  begin  at  the  bottom  d 

e>  and  be  carried  up  sul)stantially  level.  If  a  temporary  gap  must  be  1 
to  ^  ^^'^»  railroad  or  highway,  great  care  must  be  exercised  when  filling 
ind  h  ^  ^^F^^'ious  junctions.  Sides  of  gaj)s  ought  not  to  be  very  st 
^i„^.  ^^^^  ^^^  trimmed  free  of  poorly  compacted  material  just  in  advana 
'l^cmg  earth  in  the  gap. 

3arH  o?f  ^^^^^^'^  Methods.    Earth  may  be  brought  on  to  the  dam  by  wage 

ill V '  K  *  ^''- ^ays  or  baskets  carried  by  men.    It  should  be  deposited  systema 

"  lar^**^^"^^^.  ^^  layers  of  uniform  thickness  by  scrapers  or  by  hand,  and  sto 

^^^r  <Harn.  than  the  thickness  of  the  layer  after  compacting  remo^ 

3  Tn^^  ^^aller  stones  cannot  be  permitted  in  nests  or  as  a  large  proporl 

atorial.     jf  selection  or  mixing  of  earth  is  necessary,  it  can  be  aco 

^^  proper  placing  of  loads  as  delivered;  harrowing  may  someti 


ffj^TT  -.ji  .i..jH  213- 

:^^    .-"3--     _?-^  v^^^K-       ■  '^'""■"""nticd  by  tliat 
rw"^  ji  ^".«:_i^^-  ,^  ~  nuiterial  cannot  be 

i«M  ■     .-J  J,,  """"^  core,  and  when 

I  -BEZEK       J. J.  ^  —  "■  '^^  surplus  water  is 

isiiif  3i«s:^  —  ~~    ^'  ""^  ^'""^  "^  ^'*y  *^''" 

„i,    qj-       -  -     '''y  weathered  naturally 

'  MS  an  to  have  undergone 
'l""r,  rock  dust,  or  any 
pure  clay,  for  thn  roason 
iiie  or  further  settlement, 
I'jugh  to  pass  a  100-mesh- 
■»»»'t  of  all. 

'ials  at  each  end  of  dam  site 
w  Riifiiciciit  head  for  hyilruu- 
sea  be  pumped  cheaply  to 
liy  other  means,  ground' 
blc  grades,  and  materials 
or  place  below  tlio  dairi, 
.  Volume  of  water  for  a 
■ugh  1(-SM  may  lie  used;  20 
.  ia  more  elTi*tive  propor- 
cnt.  aOOO  to  KOOO  cu.  yda. 
lead  of  10  cu.  ft.  jier  sec. 
'  water  has  varied  frmn  5 
111.  and  somewhat  larRCr 
aulTieient  day  or  stind  i.i 
led  sand.  For  liy.iraulin 
mi-  in.  may  be  usimI,  and 
is  the  hydraulifi  luonilor 
ide  \-aneM.  found  at  ions 
damn,  ineludiuR  cut-olTs 
e  walls,  Nleel  or  wooden 
ss  hi^hts  into  the  dam, 

S  I'le  and  heel.     Sluiced 

■  one  or  more  [mints  alons  eilluT  side  of  the  ilam  or 

■  mi's  are  ilnipiM-iI  at  the  point  of  disi-hurKc  and  other 

■I  the  middlf,  finest  being  deposited  in  the  puud  niain- 

:,l  part,  tin-  sidi'S  luring  ahv.iys  kept  liiRlier.     Water  is 

pipes  carried  up  in  the  dam.  a  riiiR  afewiiirhesliigh  being 

ir  by  troufjlis  or  iicrfiirali'"!  piiMV,  disehai-giuK  <lownstre:un 

iiiras  may  lie  desireil.     liy  iiiaintaining  suitable  slight  gradea 

.-  be  draincii  toward  one  end  of  the  dam  or  a  central  jxiint  for 

Juiced  materials  are  dificiiiit  in  tuck,  i^rnvi]  and  coarse  sand, 

in  mainfuining  the  edge  banks  or  levees.     Stony  niarerial  as 

f«ssed  by  hand  to  liie  prescribed  slope.     Flume  or  pipiu  for  eon- 
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ose  in  "  GafaisK  "  for  lost  tools;  those  inteaded  for  this  purpose  are  made  la 
than  in  ordinary  drilling.  Jars  do  not  act  as  a  maul  to  drive  the  drill 
the  rock;  a  good  driller  so  adjusts  the  cable  that  it  is  impossible  for  the  u 
jar  to  strike  the  lower  except  when  the  cable  is  raised.  All  joints  of  a  si 
of  tools  have  taper  screws  so  that  only  a  few  turns  are  required  to  fasten  t 
together.  They  are  screwed  up  tightly  by  heavy  wrenches  on  which  g 
leverage  is  exerted  by  a  rachet  floor  circle  and  jack.  When  first  sere 
together  tightly  Dach  joiat  may  be  marked  with  a  cold-chisel  cut  acrtM 


each  time  a  joint  is  put  together  it  ia  screwed  up  as  far  or  a  little  farther 
halves  of  the  chisel  mark  fall  abort  of  coinciding,  sand  or  mud  in  the  thi 
may  be  the  cause,  and,  if  not  removed,  may  work  out,  leaving  the  joint  1 
and  cause  losa  of  all  tools  below. 

The  temper  screw,  which  allows  the  drill  to  be  fed  down,  includes 
frame  or  reins,  at  whose  lower  end  is  a  aplit  nut,  held  together  by  a  yoke  cl 
Through  this  nut  the  main  screw  passes,  and  to  its  lower  end  is  faster 
handle,  by  which  it  is  turned.  Below  the  handle  is  a  ball-bearing  swivel, 
which  depend  the  clamp  links,  and  rope  clamps.  The  cable  is  gripped  ti| 
between  the  rope  clamps  by  a  C  clamp  and  is  prevented  from  slipping 
"  cat,"  made  of  strands  of  raveled  rope  or  strips  of  coarse  cloth,  loosely  pi 
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material  that  would  be  considered  in  many  places  impossible  to  drive  in  by 
other  methods. 

Los  Angeles  Stovepipe  Wells.  On  work  at  Los  Angeles,  a  pair  of  64il 
hydraulic  jacks  exerting  50- ton  pressure  with  a  water  pressure  of  2000  lb., 
was  used  for  first  300  ft.;  also  a  pair  of  8-hi.  jacks  giving  100  tons  under  the 
same  water  pressure,  was  used.  Wells,  29  yrs.  old,  are  apparently  still  in  good 
condition;  never  known  to  fail  below  the  permanent  water  surface  although 
they  sometimes  rust  at  unsubmerged  points  below  the  ground. 

Hydraulic  rotary  method  has  been  used  many  years  for  sinking  shallow 
weUs  in  fine-textured,  unconsolidated  materials,  but  attained  prominence  ii 
deep- well  drilling  in  1901.  A  derrick  like  that  of  a  standard  rig  is  used,  but 
machinery  and  tools  are  unlike  those  of  a  percussion  outfit.  The  principal 
parts  arc  a  revolving  table  or  whirler,  two  hydraulic  pumps,  boiler,  engine  and 
a  line  shaft.  The  table  is  a  heavy  rotating  device,  on  tool-steel  rollers,  that 
grips  the  casing  firmly,  revolves  it,  and  yet  allows  it  to  be  lowered  gradually. 
The  table  is  revolved  by  bevel  gearing  connected  with  the  line  shaft  and  con- 
trolled by  a  clutch  and  lever.  Pumps  are  capable  of  developing  125  to  175  lb. 
per  sq.  in.  As  the  water  is  very  muddy,  pumps  are  made  with  but  6  tolO 
valves;  the  valves  also  fit  more  loosely  than  in  ordinary  pumps,  so'as  toreduM 
the  abrasion.  Only  one  pump  at  a  time  is  in  use,  but  to  permit  packing  of 
valves  and  provide  for  emergencies  two  pumps  are  always  installed.  The 
pump  is  connected  with  top  of  casing  through  a  hose  and  water  swivel  similai 
to  those  in  the  self-cleaning  outfit,  but  larger,  so  as  to  allow  continuous  pump- 
ing into  the  casing  while  the  latter  is  being  rotated.  Thin  mud  or  slush  plays 
an  important  part  in  drilling,  and  a  slush  pit,  an  essential  accessory,  is  usuaUj 
dug  near  derrick,  on  same  side  as  the  pumps,  about  40  ft.  long,  15ft.  wide,  and 
3  or  4  ft.  deep.  A  ditch  where  sand  may  settle  out  of  the  mud  is  cut  from  the 
well  circuitously  to  the  slush  pit,  from  which  hose  or  pipes  lead  to  the  pumps. 

Drilling  is  accomplished  by  rotating  entire  string  of  casing  with  toothed 
cutting  shoe  on  the  lower  end.  Only  one  casing,  that  being  revolved,  is  used, 
for  as  muddy  water  escapes  upward  it  puddles  the  side  of  the  well  so  that 
material  stands  alone.  If  clay  is  encountered,  water  used  in  drilling  is  kepi 
as  clear  as  possible  and  not  drawn  from  the  slush  pit,  for  the  clearer  the  watei 
when  introduced  the  greater  its  capacity  to  uphold  and  move  particles  ^ 
earth,  and  clay  is  sufficiently  compact  to  make  a  wall  that  will  not  cave.  I" 
penetrating  sand  and  gravel,  clay  often  has  to  be  added  to  the  slush  pit,soa8tfl 
make  a  thin  mud  that  will  plaster  up  these  beds  and  prevent  escape  of  (W 
water.  Many  clays  are  so  compact  and  dry  as  to  resist  the  action  of  watefi 
and  if  the  casing  is  fed  too  rapidly  a  core  forms  reducing  size  of  opening  throagli 
which  the  water  must  pass,  and  correspondingly  increasing 'the  presBUK 
exerted  by  pumps;  this  may  be  obviated  by  fastening  across  end  of  sboeabu 
that  will  cut  the  core.  Pumps  must  be  kept  going  constantly,  otherwise  driH" 
ings  will  settle  and  ' *  freeze  "  pipes  fast.  One  size  of  casingis  carried  downunti 
friction  renders  its  turning  difficult,  or  it  becomes  stuck  fast,  from  some  otheJ 
cause.     Then  a  smaller  size  is  used  until  it  in  turn  becomes  fast. 

In  penetrating  firm  material  it  is  sometimes  necessary  to  employ  a  rotar; 
drill  bit  instead  of  shoe;  two  styles  are  in  general  use:  diamond-shaped  aa 
fishtail.     The  diamond-shaped  is  usually  first  employed,  and  the  fishta 
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MINOR  METHODS  OP  WELL  SUVKinO 

Boring  Willi  Auger.  In  allavial  deposits  along  streams  and  in  o 
solidated  deposits,  wdls  2  or  3  in.  diam.  are  in  Bome  parta  of  1 
bored  to  ground-water  level  with  a  hand  auger  made  by  welding  a 
auger  to  a  rod  or  pipe.  Auger  works  more  efficiently  if  the  centei 
cutofTandtipsareshapedasinFig.  112(3).  Another  much-used  aug 
by  making  a  spiral  coil  of  tire  iron,  shaping  a  cutting  bit  on  low 
welding  or  riveting  to  a  rod  or  pipe.  As  the  auger  is  heavy  whe 
windlass  or  small  derrick  may 
lifting.  In  boring  through  dry  as 
loose  deposits  a  little  water  shouli 
into  the  hole  to  cause  the  materia 
the  auger.  Casing  is  not  usual 
until  the  auger  reaches  saturate 
may  be  driven  by  a  wooden  m 
Mud  and  water-saturated  sani 
bailed  out  with  a  sand  bucket.     1 


.  113,— Tools  for  auger  bo 


may  be  penetrated  by  a  drill  similar  to  that  used  with  percuss 
Where  the  ground  holds  tngethcr  well  an  Arkansas  clay  auger  is  en 
sinking  well.«  to  depth  o^ several  hundred  feet,  especially  in  lower 
valley.  This  .auger  is  15  ft.  long,  and  consist*  of  a  cast-steel  barre 
which  resembles  a  3-in.  pipe  sawed  vertically  in  half.  This  is  fasten 
piece  of  iron  to  a  second  auger  barrel,  li  to  2  ft.  long;  above  this 
piece  of  flat  iron,  square  at  the  top,  and  cut  with  threads  for  fi 
wooden  poles.  At  the  bottom  of  the  auger  barrel,  on  the  right  sJdi 
a  .steel  cutting  oilge,  commonly  called  the  cutting  bit,  project 
11  in.  On  oppo.sitc  side,  und  slightly  above,  is  the  "auger  Hp,"  wh: 
hold  the  dirt  in  the  auger  barrel,  when  the  tools  are  lift«d.  TI 
ffustcned  to  a  10-ft.  auger  pole,  and  this  to  the  regulation  26-ft. 
tools  are  turned  with  a  chimp,  and  when  the  bit  begins  to  choke,  tl 
lifted  and  (iropi)ed  by  nieiin.s  of  a  windl.-uss.  This  operation  jumps 
'  <:  hit,  and  so  frees  the  lower  end  ;  it  is  termed,  "making  a  sli 
'  is  very  dry  a  little  water  is  added,  and  with  very  sticky  Cretj 
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sand  will  settle  about  the  valves  of  the  pump  and  make  it  impossible  to  start 
again  without  drawing  the  pump  rods  and  valves,  cleaning  them  and  resetting. 
If  the  well  is  sunk  into  unconsoUdated  materials,  a  screen  must  be  used  which 
will  permit  water  but  not  sand  in  serious  quantities  to  enter. 

Objections  to  Driven  Wells.  Driven  wells,  as  a  continuous  source  of  sup- 
ply, are  open  to  the  following  objections:  (1)  The  extreme  difficulty  of  deter 
mining  the  tributary  area  prevents  a  satisfactory  estimate  of  yield  and  for  th< 
same  reason  it  is  difficult  to  remedy  pollution,  or  trace  its  sources.  (2)  Doub 
as  to  the  permanency  of  the  supply  and  possible  deterioration.  (3)  Legfi 
complications  arising  from  the  effect  on  adjacent  catchment  areas.  (Munici 
palities  are  liable  for  damages  where  the  water-table  has  been  lowered  by  d: 
verting  water  for  public  use.)  (4)  Infiltration  of  sea  water,  unless  the  wells  ai 
most  carefully  managed,  is  imminent  near  the  ocean. 

Large  Dug  Wells.  A  well  at  Greenfield,  Mass.,  described  by  G.  F.  Merril 
in  J.  N.  E.  W.  W.  A.,  1915,  is  more  or  less  typical.  This  well  is  40  ft.  diam 
30  ft.  deep,  25  ft.  of  which  is  below  ground-water  level.  Excavation  was  mac 
to  water  level,  then  forms  were  built  and  a  reinforced  concrete  wall,  24  ii 
thick  at  top  and  30  in.  at  bottom  (battered),  placed  to  hight  of  10  ft.,  5  f 
projecting  above  ground.  Wall  was  sunk  by  digging  beneath  it.  As  th 
wall  settled,  concrete  was  added  to  its  top.  The  bottom  of  the  wall  wi 
bevelled  inside  to  serve  as  a  cutting  edge.  As  the  concrete  was  placed,  a  larg 
number  of  2  J -in.  tile  pipes  were  placed  in  it  to  permit  free  passage  of  wati 
through  the  wall.  A  6-in.  centrifugal  pump,  belt-connected  to  an  electr 
motor,  was  mounted  on  brackets  bolted  to  the  inside  of  the  wall,  during  coi 
struction.  Since  the  pump  sank  with  the  wall  it  was  not  necessary  to  low 
the  suction  pipe.  The  discharge  pipe  was  so  constructed  that  it  would  turn  c 
an  elbow  outside  the  wall  as  the  well  sank,  without  straining  the  connection 
There  is  a  reinforced  concrete  dome  over  the  well,  with  a  manhole  over  tl 
suction  pipe.  The  dome  is  covered  with  2  ft.  of  earth.  The  well  is  situate 
in  a  bed  of  coarse  sand  and  gravel  close  to  the  Green  river,  and  was  puinp< 
during  1914  at  rates  of  1.2  to  2  mgd. 

OVERCOMING   DIFFICULTIES    IN   WELL   SINKING 

Locating  Lost  Tools.  The  first  step  in  recovering  a  lost  tool  is  to  lea 
shape  of  its  upper  end  and  its  position  in  well.  This  knowledge  may  1 
obtained  by  lowering  over  the  tool  a  sheet-iron  vessel  containing  soap  oroth 
soft  material,  in  which  an  impression  is  easily  made.  If  caught  in  the  w 
above  water,  or  in  a  dry  hole,  the  position  may  be  determined  by  reflecting lig 
into  the  well  from  a  mirror.  A  photographic  device,  invented  by  Mr.  Loran 
Baku  engineer,  consists  of  a  stereoscopic  apparatus,  which  is  lowered  to  a  poi 
near  the  lost  tool,  light  for  the  negative  being  furnished  by  an  electric  curre 
carried  by  wires  arranged  in  the  camera.  Some  good  photographs  made  in  ti 
way  are  given  in  A.  Bcoby  Thompson's  book,  "The  Oil  Fields  of  Russia 
(Van  Nostrand,  1904),  showing  the  exact  shape  and  position  of  fallen  too 
The  drill  is  seldom  left  in  the  well  over  night  on  account  of  danger  from  sai 
or  oi  malicious  cutting  of  the  rope,  or,  in  a  rock  well,  of  having  a  bowld 
fall  and  become  jammed  between  drill  and  well  wall. 
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plug.  Plastic  clays  are  encountered  in  South  Dakota  and  Atlantic  coastal 
plain,  but  most  glacial  clays  are  so  sandy  that  they  yield  readily  to  the  drill 
even  if  the  well  becomes  clogged. 

Quicksand.  In  the  coastal-plain  from  Cape  Cod  westward  and  southward 
along  the  border  of  the  continent  the  most  serious  difficulty  is  caused  by 
quicksand,  as  a  rule  interstratified  with  coarser  sand  and  clay.  Quicksand 
comes  into  the  hole  and  must  be  bailed  out  in  large  quantities  before  the  casing 
can  be  driven  farther  and  drilling  continued.  Under  ordinary  conditions 
quicksand  will  not  yield  its  contained  water,  and  therefore  if  it  has  a  tendency 
to  rise  in  the  pipe,  the  difficulty  can  seldom  be  obviated  by  pimiping  alone. 
Pockets  or  lenses  of  clay  or  coarse  sand  in  quicksand  may  cause  the  driller  to 
think  he  has  passed  through  the  quicksand.  Coarse  sand,  such  as  "bar" 
sand,  will  not  rise  if  the  velocity  of  the  water  through  it  is  less  than  about 
2  J  ft.  per  sec.  Drive  pip)e  shuts  off  water  and  quicksand  above  a  pocket 
of  coarse  sand  or  clay,  but  as  soon  as  the  drill  penetrates  the  pocket  quicksand 
flows  in  and  may  rise  to  top  of  deposit.  If  the  bed  is  20  ft.  or  more  thick,  the 
pipe  cannot  be  driven  through  it  on  account  of  the  resistance  of  the  compact 
sand;  and  if  the  water  in  it  is  under  great  head,  so  as  to  force  the  sand  up  to 
or  above  the  point  at  which  the  bed  was  struck,  further  progress  may  be  almost 
impossible.  In  some  wells  quicksand  has  risen  100  ft.  above  the  depth  at 
which  it  was  struck.  If  the  hole  is  not  kept  full  of  water,  pressure  exerted  by 
quicksand  on  well  casing  may  be  great.  Experiments  have  shown  that  quick- 
sand partially  saturated  with  water  exerts  a  lateral  pressure  equal  to  half  its 
vertical  pressure.  Beyond  point  of  saturation  pressure  is  hydrostatic.  H 
quicksand  is  only  a  few  feet  thick  it  may  be  penetrated  by  bailing  and  then 
driving  the  casing;  this  pipe  is  driven  as  far  as  possible  into  the  bed  without  bail- 
ing, and  quicksand  may  occasionally  be  passed  through  at  one  drive.  A  thin 
bed  of  quicksand  near  the  surface  may  be  shut  off  l^y  sheet  piling.  DiflSculty 
may  be  partly  overcome  by  filling  the  bottom  of  the  well  with  mortar  or  Port- 
land cement,  which  sinks  through  the  quicksand  and  sets.  Stones,  clay,  and 
asphalt  have  also  been  dropped  into  the  hole  to  restrain  quicksand,  with 
some  success.  Some  drillers  maintain  that  quicksand  can  always  be  pene- 
trated by  keeping  hole  full  of  water.  If  working  in  sand  of  fine  texture,  draw 
the  drill  at  night,  as  otherwise  sand  may  creep  up  around  the  drill  and  "set" 
almost  as  hard  as  rock. 

Deflection  of  Drill-hole.  In  beginning  a  well  care  must  be  exercised  to 
make  the  hole  plumb;  otherwise  drilling  to  depth  is  difficult,  if  not  impossible, 
because  of  friction  of  the  tools  caused  by  increasing  deflection.  To  keep  the 
hole  straight  the  driller  may  lengthen  tools  to  60  or  80  ft.,  chiefly  by  using 
a  long  auger  stem. 

HYDRAULICS  OF  WELLS 

Size.*  Inside  diam.  of  well  pipe  is  determined  to  smaller  degree  by  quantity 
of  water  to  be  raised  than  by  consideration  that  in  sandy  soil  speed  with  which 
water  enters  pipe  must  be  below  a  certain  value  to  avoid  clogging.  If  i/  is 
hight  of  perforated  pipe  in  zone  of  underground  water,  V  permissible  velocity 

•  Konig,  Wasserleitungen  und  Wasserwerke,  1907 
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Table  62.     Rate  of  Flow  in  Well  Pipes 


Diam.  of  pipe,  in. 

Flow 

Numb^  of  p 

Cu.  ft.  per  min. 

Gals,  per  24  hrs. 

for  1  mgd 

2.5 

2.0 

21,500 

46 

3.0 

3.0 

32,300      . 

31 

3.5 

3.8 

40,900 

25 

4.0 

5.0 

53,900 

19 

4.5 

6.2 

66,800 

15 

5.0 

7.8 

84,000 

12 

6.0 

11.2 

120,600 

9 

7.0 

15.0 

161,600 

6 

8.0 

19.5 

210,000 

5 

10.0 

30.0 

323,000 

3 

General  practice  seems  to  sanction  ordinary  rates  of  flow  in  well 
about  as  given  above  (Fanning,  Hydraulic  and  Water-supply  Engine 
1902,  p.  1086).     Velocity  is  about  56  ft.  per  min.,  or  1  ft.  per  sec. 

Table  63.    Interference  of  Wells 
Theoretical  Mutual  Interference  of  a  Group  op  6-in.  Wells,  with  R 
OF  Circle  of  Influence =600  ft.,  pumped  down  10  ft.  (Suchter) 


Spacing,  ft. 

Interference,  per  cent. 

Two  wells 

Three  wells 

Large  number  i 

5 
10 
100 
200 
400 
600 
1000 

38 
35 
20 
16 
11 

55 
51 
31 
22 
12 

66 
45 
24 
14 
6 

6 

8 

Hydraulic  Requirements  to  be  satisfied  by  spacing  are:  Diameters 
lengths  of  strainers  must  be  such  that  the  loss  of  head  due  to  friction  in 
will  be  immaterial  compared  to  loss  in  water-bearing  stratum.  The  wid 
spacing,  the  greater  is  the  yield  to  be  handled,  and  the  greater  the  loss  oi 
in  pipe  and  strainer.  Forty-two  wells  were  sunk  for  Memphis  Waten 
ten  being  6  in.  in  diam.,  and  others  8  in.  Depth  varied  from  260  t 
ft.,  of  which  80  to  130  ft.  were  in  water-bearing  strata.  A  75-ft.  spacii 
found  inadequate  and  250-ft.  spacing  was  used  in  later  wells.  (E.  R. 
19,  1891,  p.  44;  Nov.  29,  1902.) 

Yield  depends  on  both  size  of  hole  and  supply.  Boring  is  usualh 
tinned  some  distance  below  where  water  is  tapped,  in  order  to  stren 
the  supply,  and  the  pump  cylinders  are  placed  some  distance  below  the 
level  to  allow  for  lowering  by  pumping. 

Specific  capacity  is  a  numerical  expression  of  the  readiness  with  which 
furnishes  water  to  a  pump,  and  depends  on  the  coarseness  of  the  mediui 
the  resistance  offered  by  the  strainer.  The  quantity  can  be  computed  by 
ing  the  yield  of  the  well  by  the  amount  that  water  is  lowered  in  the 
Agawam  wells.  Long  Island,  discharged  ISOO  gals,  per  min.  under  a  vacu 
23.2  in.  This  corresponds  to  a  head  of  26  ft. ;  water  in  the  wells  was  lowere 
20  ft.     Specific  capacity  of  this  group  of  wells  was  therefore  1560  -^  20 
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Errors  may  be  caused  by  slipping  of  stri 
miscount. 

Tape  Meaeurentent.  Measurement  *it 
difficult,  on  account  of  magnetizcHl  condit 
of  the  drilling  tools.  To  avoid  difRcultie 
or  tape  may  be  used. 

A  dovhle-cone  devised  by  J.  E.  Bacon  fo 
of  water-bearing  strata  contains  a  central 
drawn  wires  fastened  at  each  end  to  a  c 
attached.  As  it  is  lowered  into  the  hole 
known  pressure  is  forced  down  the  well.  1 
duces  a  determinable  tension  on  the  susfK 
stratum  is  reached  loss  of  wat«r  into  it  a 
on  the  line  as  the  instrument  passes  its  i 
position.  A  reverse  change  of  slighter  v; 
bottom  of  the  stratum  in  like  manner  indii 


OPERATION  Of 

Restoring  Lost  Supplies.  When  a  deej 
good  supplies,  but  as  time  elapses  the  yii 
fraction  of  the  original;  this  is  commonl 
general  supply  of  the  region  or  the  drawing  i 
wells.  In  many  wells  this  is  the  real  can 
deterioration  of  the  old  well.  The  chief 
entrance  of  sand,  and  leakage,  of  which  the 
Clogging  may  result  from  filling  perfors 
position  of  iron  or  lime.  Where  waters  carr 
the  iron  set  free  being  redeposited  in  thi 
impervious  coatings.  When  matter  collect 
can  often  be  removed  by  pumping  heavil 
the  usual  remedy  is  to  pull  the  casing  and  e 
and  replace. 

Interference  by  Salt  Water.  Some  s 
the  seashore  have  been  seriously  affected  1 
course  of  underground  water  is  from  the 
Creek  station,  Brooklyn  water  supply,  tl 
exhausted  by  1897  that  there  were  300  par 
normal  of  S.  Plant  was  shut  d"wn.  One  v 
Bay,  about  Ij  mi.  from  the  wells,  containt 
Utrecht  plant,  chlorine  rose  from  20  to  100 
rate.  Chlorine  has  increased  with  time  at 
Chlorine,  put 
per  inilliotf 
Oct,  189C  to  Mar.,  ISOa  .  ,  Ji 

End  of  1898 71 

Ot.  ISflfl 7 

End  of  1902 


Date 


240  WATERWORKS  HANDBOOK 

of  the  screen,  and  a  lead  seal  inserted  at  the  joint,  or  the  screen  and  pipe 
may  be  united  by  a  screw  coupling. 

Strainers  may  have  either:  (1)  Fine  openings  to  exclude  the  finest  sand;  or 
(2)  openings  somewhat  larger  than  the  finer  particles  in  the  water-bearing 
material,  and  smaller  than  the  coarser.  Pumping  soon  exhausts  the  finer  nuh 
terial  next  to  the  strainer,  and  the  coarser  particles  form  what  is  really  a  greatly 
enlarged  strainer  outside  the  metal  one.  If  no  coarse  particles  exist,  ram  some 
down  outside  of  casing.  Such  a  well  cannot  clog.  Any  strainer  depending 
on  wire  gauze  or  thin  perforated  metal  to  exclude  fine  sand  is  undesirable, 
for  friction  is  high  in  small  openings  in  sand  and  screen;  and  corrosion  will 
close  up  the  small  holes  in  the  metal.     (Maury,  Proc.  Am.  W.  W.  Assn.,  1904.) 

Corrosion  of  Tubular  Wells.    In  Victoria,  South  Australia,  the  iron  lining  ' 
of  a  bore  was  eaten  away  so  as  to  destroy  its  continuity  in  18  months.    There 
was  a  saline  constituent  in  the  water.     (J.  C.  Thrush,  "Water  and  Water 
Supplies,"  1901.) 

Life  of  a  casing  cannot  be  definitely  predicted,  rate  of  decay  depending  on 
conditions  in  each  well.  Casing  withdrawn  from  some  wells  15  to  20  3rrs.  old 
has  been  found  in  fairly  good  condition  except  at  joints,  though  aa  a  rule  at  this 
age  it  is  too  badly  corroded  to  be  withdrawn  at  all. 

Detection  of  leaks  is  somewhat  difficult.  In  some  wells  water  may  be 
heard  trickling  in  or  seen  by  a  light  ray  projected  by  a  mirror  when  the 
pump  is  withdrawn.  The  admixture  of  water  from  outside  may  sometimes 
be  detected  by  a  difference  of  hardness,  by  taste,  or  by  cloudiness  due  to  eilt. 
The  remedy  is  usually  to  pull  the  old  casing  and  replace  it  by  new.  The 
time  the  pipe  is  allowed  to  remain  before  replacement  is  determined  by 
estimate  based  on  the  action  of  water  on  the  pump  tubes  or  other  pipes.  An 
alternative  treatment,  when  the  leak  is  near  the  surface,  is  to  set  a  packer  in 
the  space  between  the  bottom  of  the  pump  tube  and  casing  and  fill  space 
above  with  cement. 

WELL  CURBS,  CASINGS,  AND  COVERS* 

Dry  rubble  curb  and  casing  utilizes  all  seeps.  The  material  costs  Httl^ 
little  money  outlay  for  labor.  The  well  is  never  safe  near  sources  of  contam* 
nation.  Affords  no  filtration  and  allows  dirt  and  soil  to  enter.  Permi't 
entrance  of  mice  and  other  small  animals  at  the  top.  Do  not  use  stones  par 
tially  or  wholly  covered  with  moss  or  lichen;  persistent  impairment  of  th* 
quality  of  the  water  has  resulted  from  such  use. 

Dry  brick  curb  and  casing  utilizes  all  seeps.     Filters  out  most  sediment 
Does  not  allow  small  animals  to  enter.     Involves  little  money  outlay  for  labor. 
Polluting  mattor  enters  readily,  and  the  well  is  never  safe  near  sources  of 
contamination. 

Curb  and  Casing  of  Stone  or  Brick  in  Cement.  The  well  is  safe  from  pol- 
lution (except  that  entering  at  bottom)  as  long  as  walls  are  not  cracked. 
Entrance  of  sediment  and  animals  is  prevented.  Wall  does  not  impart  taste 
to  water.  Utilizes  water  from  bottom  only.  Well  is  unsafe  if  so  shallow 
that  polluting  matter  can  reach  its  bottom.     Costs  more  than  uncemented 

*  See  also  page  654. 
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water  is  obtained  from  deep  wells  for  fire  protection,  the  best  practice  is  to 
install  acentrifugal  turbine  to  raise  water  to  the  surface  and  deliverit  to  asingle 
or  multiple-stage  centrifugal,  to  force  it  to  the  elevation  required.  Where 
water  is  charged  wilh  more  or  less  sand  or  rock  cuttings,  the  turbine  is  best 
adapted  for  pumping  it,  as  the  bearings  ai;p  protected  by  an  inner  tube,  and 
there  aro  no  packings  or  leather  cups  to  be  cut  out  as  in  the  case  of  reciprocat- 
ing cylinders. 

Lack  of  space  prevents  discussion  of  Well  Pumpe  and  Fittings.  See 
catalogs  of  American  Well  Works  Co.  (Aurora,  III.);  Goulds  Mfg.  Co. 
(Seneca  Falls,  N.  Y.);  Geo.  E.  Dow  Pumping  Engine  Coi  (San  Francisco). 

AIR-LIFT  PUMP 

DciflnitiDn.     The  air  lift,  or  air-lift  pump,  is  an  apparatus  for  raising  wal«r 
from  welb  by  means  of  compressed  air  forced  to  relatively  great  depth  in  the 
well,  through  a  pipe,  and  so  discharged  as  to  mil 
with  the  water  in  small  or  large  bubbles. 
^'  Principle  of  Air  Lift     As  compressed  air  entm 

dischai^e  pipe  near  bottom  at  pressure  only  slightly 
above  hydrostatic  head,  column  of  water  above  is 
forced  upward;  mixture  of  air  with  water  lessens  i<< 
specific  gravity  and  aids  upward  motion.  Air  coih 
,/  tinues  to  enter,  taking  place  of  rising  body  of  water, 

rltrel     until    water    flows  from  discharge   opening.    Tbt 
"linti      moment  that  part  of  the  rising  water  is  discha^«d, 
weight  of  column  becomes  less,  and  air  beneath  vil 
correspondingly  expand,  thus  reducing  pressure  on 
water  in  discharge  pipe  below  air  inlet.     Weight  of   ] 
water  in  well  outside  of  discharge  pipe  then  forws 
water  into  discharge  pipe,  stopping  inflow  of  wr. 
Pressure  in  air-sujiply  pipe  is  quickly  renewed  by 
its  connection  with  supply,  so  that  it  again  forai 
entrance  into  discharge  pipe.     This  process  is  r^ 
pcatcd  until  whole  discharge  pipe,  above  air  inlet, 
is  fiUcd  with  alternate  bodies  of  air  and  waLer,  the 
Fio.  121.— Nomennlnture  combined  wo^ht  of  which  IS  enough  less  than  water 
of  air  lift  pump.  jn  well  to  keep  up  constant  flow  oE  water  into  di»- 

{Suilivan  -Machinery  Co.)      charge  pipe.     Air  issuES  at  mouth  at  atmospheiia 
pressure,  expanding  as  each  succeeding  layer  of  water  above  it  is  discharged. 
Principal  loss  seems  to  be  slipping  back  of  water  layers  due  to  friction  of  pipe. 
Symbols.  * 

n,  =  area  of  eduction  pipe  in  sq.  ft. 
c,  =  coefficient  of  entrance. 
Cp  —  coefficient  of  pipe  friction  ami  average  slip. 
k,  =  lift,  ft. 
h.  =  depth  of  submergence,  ft. 
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friction  increases  as  the  square  of  velocity  in  long  pipes  of  small  croa>-«ecti 
it  wiU  serve  to  some  extent  as  a  governor. 

Eduction  Pipe.  The  discharge  pipe  (edaction  pipe,  lift  tube,  lift  pif 
or  rising  main)  should  Qot  touch  the  bottom  of  the  well  or  reservoir,  but  shou 
freely  admit  water  through  its  lower  open  end.  This  end  should  be  fu 
merged  a  distance  greater  than  the  hight  above  water  surface  to  which  ll 
liquid  is  to  be  lifted,  called  lift  of  the  pump.  The  distance  from  the  wat< 
surface  down  to  the  point  of  admission  of  air  into  the  eduction  pipe  is  calli 
submergence  of  pump,  and  is  generally  expressed  as  a  percentage  of  H 
total  length  measured  from  air  inlet  to  point  of  discharge.  Discharge  shoii 
be  free  into  a  reservoir  at  atmospheric  pressure.  Submergence  and  lift  shou 
be  measured  under  working  rather  than  static  conditions.  Figs.  122  ar 
123  show  various  methods  of  piping  wells. 


Table  66.     Ratio  of  Lift  to  Submergencs  for  Air-lift  Pump 

Ppr  cent.  Per  p< 

Lift  Hubinerg-  Lift  auhnii 


Up  to    .Wteet 70t<>5«       aiK)  t(i  :iOO  feel .  . 

50  lii  KH)  feet OC  lo  .'io       ;iO0  U,  400  feet ,  . 

100  to  200  feet 55  to  50      4(X)  lo  500  teet. . 


Multiple  Air-lift  Pump.  When  the  lift  is  very  high,  and  the  proper  si 
mergence  difficult  to  obtain,  the  arrangement  in  Fig.  124  may  be  used  whi 
cross-section  of  well  permits.  This  cmjiloys  a  series  of  successive  lifts;  it 
claimed  to  work  more  economically  than  a  single  lift. 

Return  Air  Pump.  In  rising  through  the  odurf  ion  pipe  there  is  a  trai 
fer  of  heat  between  the  air  and  water;  the  temperature  of  the  two  being  pn 
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favorably  with  other  eystems  of  pumping.  (2)  Great  depth  of  submei 
A  single  air  lift  pump  caanot  be  used  in  a  shallow  well  or  reaervoir,  e» 
raise  liquid  a  small  distance,  owing  to  the  high  percentage  of  the  total 
of  the  pump  which  must  be  submerged  to  give  good  efficiencies.  Thii 
the  air  lift  principally  to  deep  well  pumping.  The  multiple  stage  pumj 
Domes  the  diflieulty,  but  probably  at  reduced  efficiency.  (3)  Limitei 
zontal  pumping.  Several  plants  have  been  installed  to  pump  &  consit 
horizontal  distance,  but  such  plants  are  not  considered  efficient.    1 


in  passing  through  a  horizontal  or  even  an  inclined  pipe,  is  not  like 
evenly  distributed  throughout  the  cross-section,  but  to  pass  along  th 
side,  allowing  a  large  space  in  the  lower  portion  for  the  water  to  si 
past  the  bubble.  In  a  horizontal  pipe  the  air  cannot  exert  any  1 
effort  to  aid  in  discharging  the  water,  and  its  expansive  force,  whicj 
be  used  in  overcoming  pipe  friction,  is  not  likely  to  be  effective  on 
of  the  acrioua  slip.  Where  it  is  desired  to  convey  water  to  a  point 
horizontally  from  the  well,  the  eduction  pipe  should  be  carried  verti 
a  hight  equal  to  the  friction  head  in  the  horizontal  conductor,  and  at 
fitted  with  an  air  aepitrator.  (4)  Aeration.  The  thorough  acralior 
water  i)umpod  is  generaUy  regarded  as  an  advantage,  but  under  some 
stances  it  jiromotes  rusting  and  consequent  destruction  of  the  educti 
and  in  some  o.oscs  causes  a  deposit  of  salts  which  cli^s  the  passages,  es 
in  the  foot-piece.    The  opinion  has  also  been  expressed  that  comprc 
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T«ble  SS.*    Bllect  ol  TttbleST.*    Ak-lift  Tests  to  Detennine  Bed  Flo* 

Submergencet  trom  Deep  WeUs,  HattiesbnrE,  Hist-t 


Reasons  for  Low  Efficiencj.J  So  little  difference  in  pressure  exists  t*- 
twecn  air  entering  eduction  pipe  and  water  that  the  air  flows  into  the  waUcat 
low  velocity  and  must  travel  some  distance  toward  surface  before  it  has  »' 
panded  sufficiently  to  form  a  plug  and  carry  water  with  it,  thus  sacrificing 
part  of  submergence.  2.  As  bubble  travels  toward  surface  and  pressure  above 
decreases,  it  must  expand,  and  being  confined  in  the  pipe,  can  do  this  only  ic  t 
vertical  direction — resulting  in  increased  velocity  and  friction  and  greater  dis- 
placement in  the  eduction  pipe.  3.  Flow  at  contact  between  a  gas  or  liquid 
and  walls  of  passage  is  retarded,  and  water,  being  heavier  than  air,  is  retarded 
more  by  friction  until  it  is  pulled  back  around  the  bubble.  Thus  bubble  be- 
comes elongated  and  at  times  slips  through,  joining  the  preceding  bubble  and 
leaving  the  water  behind.  This  slippage  represents  loss  of  efficiency  and  is 
manifested  by  variatioos  in  the  plugging  discharge.  4.  Air,  like  any  confined 
gas,  is  always  seeking  a  chance  to  escape,,  and  any  inequalities  in. the  fio* 
passage  or  abrupt  changes  in  direction,  offer  the  opportunity  sought,  resulting 
in  further  slippage. 

Requirements  for  Efficient  Air  Lift-t  1-  Means  tosecurea  perfectniixtiBe 
of  air  and  water  into  an  emulsion  at  point  at  which  air  is  injected  into  wal«r. 
Then  each  particular  small  bubble  will  start  its  lifting  effect  at  once.  2.  A 
Ventura,  or  choke,  just  above  the  mixer.  This  will  increase  the  velocity  awl 
give  a  jet  effect  at  this  point.  3.  Eduction  pipe  arranged  with  proper  ee- 
largoment,  to  allow  for  expansion  of  air  so  far  as  possible  and  to  presait 
excessive  velocity  toward  discharge.  4.  An  absolutely  smooth  passage fortbe 
air  and  water,  Even  the  swirl  caused  by  the  recess  in  a  coupling,  occurring  » 
often  as  it  docs  in  a  long  pipe,  will  cause  much  loss.  5.  Proper  proportioninf 
of  air  and  water  pipes. 

Tests.  While  there  have  been  many  tests  on  actual  wells,  facilities  to 
varying  the  conditions  of  operation  or  for  accurate  measurements  have  beeo 
limited;  comparative  tests    therefore    have  been  confined   to  laboratori* 


TutBl  drptli  uf  wll.  fi, 
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than  required  to  give  continuous  flow,  delivery  is  increased  somewhat,  but 
the  air  consumption  per  gallon  delivered  is  increased  in  greater  ratio;  and  with 
further  increase  in  air  pressure,  a  point  of  maximum  delivery  is  reached  be- 
yond which  the  delivery  is  decreased.     The  sound  of  the  discharge  is  a  reliable 
guide  to  the  proper  regulation  of  air  supply.     (5)  It  appears  from  (2)  that  by 
increasing  the  submergence,  i.e.,  locating  the  foot-piece  deeper  in  water,  for 
a  given  lift,  the  air  consumption  is  progressively  reduced;  but  as  the  required 
air  pressure  is  increased,  a  cubic  foot  of  air  represents  greater  power.    A  curve 
representing  the  variation  of  horsepower  required  per  gallon  of  water  delivered, 
with  depth  varying,  shows  that  the  pK)wer  first  decreases  with  increasing  depth, 
then  reaches  a  minimum,  and  thence  increases.    The  ratio  of  lift  to  subme^ 
gence  at  this  minimum  point  may  be  called  the  "economical  ratio."    (6)  For 
a  given  size  discharge  pipe,  the  economical  ratio  decreases  as  the  lift  increases; 
I.e.,  the  submergence  should  be  increased  in  greater  ratio  than  the  lift.    For  a 
given  lift,  the  economical  ratio  increases  (submergence  decreases)  as  the  &^ 
of  discharge  pipe  increases.     (7)  A  tail-piece  or  projection  of  the  discharge 
pipe  below  the  air  inlet  is  essential  in  starting,  as  it  tends  to  prevent  air  froift 
backing  down  into  the  well  and  rising  in  the  casing  outside  the  discharge  pip^ 
(8)  Any  jet  or  pipe  introduced  into  the  discharge  pipe  to  serve  as  an  air  ioX^^ 
has  no  value,  and  is  detrimental  by  forming  an  obstacle  to  the  free  passage  ^^ 
water.     (9)  The  size  of  air  pipe  is  determined  only  by  considerations    ^* 
friction  loss  required  to  force  air  through  the  pipe. 

Duty  Tests.  The  published  results  of  duly  tests  are  few.  The  plants  ^ 
usually  so  arranged  that  a  duty  test  is  difficult,  as  the  air  compressor  tak® 
steam  from  the  same  main  as  the  force  pumps.  The  plant  at  Atlantic  City  > 
N.  J.,  showed  a  duty  ranging  roughly  from  20,000,000  to  25,000,000  ft--l^ 
per  1000  lb.  of  dry  steam;  the  plant  consisted  of  a  Rand  duplex  flywt*^^** 
compressor,  having  10-in.  and  16-in.  cross  compound  steam  cylinders  of  13— '^^ 
stroke,  13  by  12-in.  air  cylinder,  Corliss  inlet  valves,  and  poppet  discharge  val'V^^ 
a  compressor  of  the  same  type  with  11-in.  and  18  by  14-in.  stroke  steam  ^*^^ 
and  16  by  14-in.  air  end,  having  Meyer  adjustable  valves  on  the  steam  cyl-*^^ 
ders;  a  Wainwright  surface  condenser;  a  Deane  combined  wet  vacuum  ^^ 
circulating  pump,  with  5|  X  7  ui.  steam  end  and  6  X  7  in.  pumps;  am.  ^ 
receiver  28  in.  by  8  ft. ;  and  galvanized  piping  to  the  wells,  with  valves.  "^T" 
smaller  compressor  was  to  be  in  reserve.  The  contract  price  for  the  punL;^*^' 
equipment  was  $8250.  There  were  thirteen  wells  with  a  combined 
of  5,450,000  gals,  per  24  hrs.  The  average  lift  is  about  27  ft.,  and 
mergence  about  60  per  cent. 

Wells  pumped  with  air  lift  and  steam  deep-well  pumps  at  Waukesha,  "^^^ 
showed  an  efficiency  between  16  and  18  per  cent,  for  air  lift  based  on  indic^^-^ 
hp.  in  the  steam  cylinder,  and  74.8  per  cent,  for  the  deep  weU  pumps  basest  ^ 
indicated  hp.  of  the  engine. 

Air  lift        Deep  weU  p^^^^ 

Duty  per  100  lb.  of  coal 8.200,000  34,500,0O0 

Duty  per  1000  lb.  of  steam 11,940,000  53,300,0O<^ 

University  of  Wisconsin  Experiments.     Variables  which  may  aff^^ 
particular  size  and  type  of  air-lift  pump  are:  (1)  percentage  of  submerg^^    ' 
(2)  lift ;  (3)  discharge;  (4)  volume  of  air;  (5)  pressure  of  air.     ConGlusioDS  *^ 

•  Tested  in  1004.    See  E.  N.,  June  18,  1908. 


262  WATERWaRKS  HANDBOOK 

pumping.    Plants  with  lifts  up  to  1200  ft.  are  said  to  be  in  succeaaf ul  operation. 

Special  plants  are  working  satisfactorily  with  submergence  less  than  30  per 
cent.;  and  Bome  with  over  75  perc«it. 
Percentage  of  submergence  is  the  pe> 
centage  of  the  total  length  of  the  air  [Mpe 
submerged  in  "  solid "  water  while  the 
pump  is  operating;  for  a  lift  of  20  tt.  it 
should  be  66  per  cent.,  for 


20  ft.  It 
rtofSOO     I 

f       1 


<D..)                                         (b.) 

Frizell 
Foot-PlK* 

Pohl£ 
Fbrt-ri« 

FiQ.  128.— Corapariaon  of  Fri«ell 
and  Pohl^  eystema  of  operation;  h.  \a 
greater  tlion  hi. 

Pio.   129. 

ft.,  41  per  cent.;  for  average  conditions,  between  SOund  65.  Submergenc!: 
governs  starting  and  working  air  pressures  required.  Quantity  of  free  air,  cl. 
ft.,  to  be  compressed,  to  lift  1  gal.  of  water  =  lift  in  feet  -^  C  X  log  [(submea 
gencc  in  feet  +  34)  +  34|.     For 

Lift  =  10-60,  61-200,  201-500,  501-650,  661-750  feet 
C  =    245         233         216  185  156 

Table  S8.    Pohle  Side-Inlet  Air  Lift;  Pipe  Sizes  and  Capacities 


Air  pip* 

w.„„„. 

8i.p  wtLI, 

Maiimum  rccmaniica]               / 

m. 

m. 

' 

i 

1 

3 

7 

j 

11 

20 

4i 

21 

60 

3 

3) 

120 

4 

160 

5 

9 

2 

6 

10 

350 

Table  S9.     Pohl 

i  Annular  Foot-piece  Air  Lift:  Pipe  Sizes  and  Capachiea 

Well.              

in.               Disch., 
1        in. 

s          i        J' 

S           '         4) 
10           1         5 

1       Air.        1      Tail.       ,      mod^au-W     |       Oulnde 
1        ia.                 in.         I      lal.  permin.      |      diam.,iD. 

Lfn«lh. 

,1  ■  1'        i        IP 

1        V          l!§     i     i 

1         1                    .1                        ISO             j           71' 

,1              S        1           m         1        Si' 

1 

Note. — "  Maximum  Economical  Capacity"  is  baaed  on  60  per  cent,  submerg- 
ence and  discharge  of  12  gal.  of  water  per  min.  per  sq.  in.  area  of  diacharge  pipe 
in  the  smaller  diama.,  and  15  gal.  per  min.  per  sq.  in.  in  the  larger  siies. 
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water  ahead  of  it  out  through  strainer  and  float  the  finer  sand.    Then,  by  op^t 
ing  discharge,  flow  will  resume  its  course  toward  surface  and  bring  a  partioa  o 
floating  sand  with  it.     By  a  repetition  of  this  operation  and  by  increasing  tbt 
back  pressure  if  necessary,  all  fine  sand  immediately  outside  the  strainer  will  be 
drawn  into  well  and  discharged  at  surface.    When  wells  arg  drilled  in  roclc,  tbe 
action  of  the  drilling  tool  forces  cuttings  back  into  crevices  in  the  rock.    These 
may  be  loosened  and  pumped  out  in  the  same  manner.     In  cases  of  wells  in 
fine  material  and  quicksand  it  is  often  possible  to  set  a  strainer  in  the  and 
and  drill  auxiUary  holes  alongside  the  well  down  to  top  of  strainer.     Then  fo^ 
eign  gravel  may  be  dropped  down,  which  will  roll  in  alongside  the  screen  and 
take  the  place  of  the  sand  pumped  out — often  increasing  the  yield  fourfold,  by 
affording  outside  of  the  gravel  bed  a  larger  area  through  which  the  water  nsy 
leave  the  sand. 

Booster  System.  By  this  means,  Fig,  131,  water  may  be  lifted  to  an  eleva- 
tion above  the  surface  by  using  again  the  air  employed  in  the  air  lift  proper. 
This  system  is  especially  suitable  where  the  elevation  must  be  accomplished 


Fio.  131. 
at  some  distance  from  the  wells.  The  air  goes  to  the  top  of  the  tank  »nd 
escapes  through  a  restricted  vent,  which  maintains  a  back  pressure  up"" 
water  surface.  The  principle  is  as  follows:  Velocity  of  water  and  air  in  »" 
air  lift  is  always  grealcst  us  it  nears  discharge.  By  discharging  into  a  ckuxl 
tank,  the  kinetic  energy-  of  the  column  of  water  and  air  is  used  to  recomprecs'''' 
air  and  a  certaiu  amount  of  the  power  expended  is  returned.  Compressed*''' 
under  ordinary  air-lift  conditions,  is  wasteful,  if  used  to  force  water  horiM"" 
tally,  as  the  air  goes  to  the  top  of  (he  pipe  and  fails  lo  bring  the  water  with  it' 
In  the  "  booster"  armngenient,  the  air  does  not  follow  the  water,  but  coni'ert' 
it*  volume  into  pressure  before  being  allowed  to  escape  into  the  atmosphere, 
forcing  a  solid  flow  of  water  through  the  horizontal  and  vertical  lines.  Tl* 
eduction  pijx"  extends  up  Into  the  tank,  and  the  stream  of  air  and  water  stril* 
u  mushroom  phito,  which  aids  In  the  separation.  The  end  of  the  discharjf 
main  also  extends  up  into  the  chamber  and  h.is  its  end  slotted;  while  a  drop 
pil>e,  or  sleeve,  over  this  end  compels  the  w.iter  to  pass  upward  before  entering 
he  pipe.     A  bafileplate  checks  the  splashing,  and  mainuina  comparalivel; 
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gtill  water  around  the  discharge.  There  is  an  open  exhaust  for  the  released  air 
to  escape  to  the  atmosphere,  but  this  is  throttled  by  a  valve  so  as  to  retain 
sufficient  pressure  above  the  water  to  force  it  through  the  discharge  pipe  to  the 
required  distance  and  elevation.  With  exhaust  pipe  full  open  it  will  discharge 
air  and  water;  then  the  valve  is  partially  closed  until  only  air  escapes.  The 
engineman  operates  the  complete  plant  from  the  compressor,  no  adjustment 
being  required  other  than  varying  speed  of  compressor  to  secure  a  greater  or 
leas  amount  of  water.  Any  number  of  wells  and  "boosters"  may  discharge 
into  a  common  delivery  pipe. 


a 


Cohyyresscr 


nimnm' 


/^ect/ver 


3C 


.Cagf 


Mine  Cock 


h 


I 


■Mine  Cock 


booster 
orSepanM 
ting  Tank 


Auto. Inlet  kb/ve^'^ 


•  viiji;  tf\ 


Discharge. 


m^ipm^':^'^ti9^ 


i- Eduction  Pipe 


Well  Casing 


Fig.  132. — Sullivan  air  lift  booster  system  for  wells. 

Return  Air  Ssrstem.  Another  refinement  is  to  return  the  air  from  the 
"boosters"  to  the  intake  of  the  compressor*  An  automatic  inlet  valve  is 
P»aced  on  the  return  Hne  near  the  compressor  so  as  to  supply  from  the  atmos- 
phere the  air  wasted.  Advantages  are:  1.  Temperature  of  intake  air  has  a 
"^t  effect  upon  volumetric  efficiency  of  compressor,  because,  for  every  5 
degrees  by  which  temperature  of  incoming  air  is  reduced,  there  is  a  gain  of  one 
per  cent,  in  volumetric  efficiency.  2.  By  returning  the  air  to  the  compressor 
^der  a  slight  pressure,  the  clearance  losses  are  partially  or  entirely  overcome. 
(Sullivan  Machinery  Co.) 

Weber  air-lift  pumping  system  is  based  upon  use  of  compressed  air  as 
P*8ton.  Lowest  portion  of  well  is  cut  off  by  plug  and  check-valve  at  bottom, 
^^  another  plug  above,  with  valves, for  passage  of  air  and  water.  Com- 
P^^essed  air  forced  into  section  of  well  between  plugs  forces  water,  which  has 
'^^e  in  through  check-valve,  upward  through  discharge  pipe  in  solid  column 
^^J^niixed  with  air.  When  all  water  is  forced  out  of  this  space,  entrance  is 
*^rtoinatically  stopped,  and  air  under  compression  automatically  goes  over 
^  fill  portion  of  si>ace  in  next  well.  Water  rises  in  first  well  to  take  place  of 
^f  and  this  is  forced  out  by  second  application  of  pressure,  and  so  on.  Plant 
ui  Long  Island  City,  N.  Y.,  is  claimed  to  be  pumping  efficiently. 


CHAPTER  XI 
IITFILTRATION  GALLERIES 

Galleries  Tb.  Wells,  IniUtration  galleries  consiot  of  trenches  or  tunnela 
excavated  in  water-bearing  media  below  the  water  table.  Under  some  circum- 
stances, water  can  be  brought  to  the  surface  by  gravity.  A  gallery  not  only 
intercepts  water  more  completely  than  wells,  but  it  replaces  the  suction  pipe, 
is  more  durable  than  either  pipe  or  wells,  and  all  trouble  from  pumping  of  air 
is  avoided.  On  the  other  hand,  wells  draw  deeper  and  more  sterile  waters, 
giving  descending  waters  longer  time  to  lose  objectionable  bacteria.  Wells 
have  higher  depreciation,  but  lees  construction  cost. 

Construction.*  In  building  an  infiltration  gallery,  clayey  material,  if 
possible,  is  ranuned  solidly  against  the  wall  toward  the  valley  and  above  the 


roof  so  as  to  form  an  underground  dam  which  backs  up  the  underground  stream, 
and  forces  it  into  the  collecting  gallcrj'.  Such  a  gallery  coUecte  as  much  water 
as  possible  from  the  grouikd,  and  the  underground  dam  utilizes  the  ground  as 
a  collecting  and  equalizing  reservoir.  In  refilling  the  trench  on  the  aide  toward 
the  hill,  broken  stone  or  gravel  is  solely  employed,  the  coarser  layers  being 
next  to  the  gallerj'j  on  the  top  just  below  the  surface,  a  layer  of  impervious 
material  is  placed  to  prevent  surface  water  from  entering.  Fig.  133  is  a  croaa- 
section  of  a  collecting  giiltcrj'  {large  enough  for  a  man  to  pass  throi^fa)  the 
bottom  resting  on  the  solid  rock;  the  dotted  lines  indicate  a  manhole,  which 
reaches  10  in.  alioie  the  surface,  to  prevent  earth,  etc.,  from  being  washed  in. 

*  Kunig.  Wumerli^itungcn  und  Wusciwcrkv,  pp.  1SI-1ST. 
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area  in  which  undei^round  water  collects,  that  water  cBanot  rise  in  the  lat 
above  a  certain  level  at  times  of  high  water.  Further  arrangements  must 
made  so  that  water  from  the  lowest  collecting  area  first  flows  off  and  wal 
from  the  collecting  area  next  higher  is  drawn  off  only  to  such  an  extent 
necessary  to  make  up  the  total  quantity  required.  The  supply  to  the  c( 
lecting  reservoir  from  the  different  areas  in  which  imderground  water  coUec 
is  therefore  regulated  according  to  the  levels  of  these  different  areas ;  regulitit 


Sectional    Pli 


.   135. — Underground  collecting 


S«1-i6n  C-D. 
jvith  flap  valves. 


is  accomplished  by  providing  in  the  collecting  reservoir  one  chamber  each 
water  from  each  underground  collecting  area;  each  chamber  communica 
with  the  next  through  an  automatic  vaive.  These  valves  do  not  open  ui 
the  water  in  the  next  chamber  has  reached  its  lowest  level.  From  the  low 
collecting  area,  the  water  is  supplied  directly  to  Chamber  I,  which  also  cr 
tains  discharge  pipe  and  overflow.  Water  from  the  area  next  higher  fi 
passes  into  Chamber  II;  thence  it  begins  to  flow  into  Chamber  I  throt 
valve  A'l  only  when  the  draft  through  the  discharge  pipe  becomes  grea 
than  the  supply  to  Chamber  1  from  its  collecting  area.  Water  from  Area 
first  flows  into  Chamber  III,  and  not  until  the  draft  through  the  discha 
becomes  greater  than  the  supply  from  I  and  II  does  valve  Kt  open  to 
water  pass  from  Chamber  III  into  Chamber  H.    These  v^ves  conserve  i 


CHAPTER  XII 

NOTES  ON  SOME  EQUIPliIENT  FOR  TREATING  WATER 

Nozzles  for  Aeration.    Tests  on  models  by  New  York  Board  of  Water 
Supply,  1908  and  1910,  showed  practicability  of  casting  thin  bronze  shell  with 
spiral  vanes  in  one  piece.    Shape  finally,  selected  for  aerating  Catskill  water 
below  Ashokan  and  Kensico  dams  is  made  up  of  cylindrical  base  surmounted 
by  conical  tip.    For  first  installation  tip  opening  will  be  If  in.  diameter. 
In  base  are  cast  3  vanes,  equally  spaced  on  circumference,  and  projecting 
nearly  to  center  of  water-way.    Angle  between  vanes  and  axis  of  noszle 
varies  from  parallelism  at  base  to  60^  at  top.    Function  of  vanes  is  to  set  up 
rotary  motion  in  jet,  accelerating  breaking  up  of  jet  into  drops.    Jet,  15  to  25 
ft.  high,  gives  effective  aeration.    Tests  showed  that  this  rotary  motion  gave 
jets  greater  resistance  to  distortion  by  wind,  as  compared  to  jets  from  vanelea 
nozzles.    Tests  on  l}-in.  bronze  nozzles  (Nov.,  1910),  with  long  tip  and  witk 
short  tip  (also  base  was  tested  alone),  using  heads  between  10  and  21  It.' 
Coefficient  for  discharge  for  base  only  (3  in.  diam.)  was  0.58;  short  t^ 
0.89  to  0.99  (1}  in.  diam.) ;  long  tip,  0.99  (1}  in.  diam.).    Quantity  dischaiged 
varied  from  0.28  to  1.79  c.f.s.    Fig.  135A  shows  nozzle  adopted.* 

An  aerator  box,  of  steel,  9  ft.  3  in.  by  6  ft.  6  in.,  and  4  ft.  high,  built  bf 
Harry  W.  Clark  for  the  waterworks  of  South  Norwalk,  Conn.,  has  6836  hofei 
i^tf  in.  diameter,  spaced  1  in.  between  centers,  in  its  bottom.  This  form  m* 
adopted  after  experiments  in  regard  to  quickest  and  most  thorough  meUiodtf 
introducing  air  into  water  free  from  air;  that  is,  water  which,  owing  to  pn»* 
ence  of  much  organic  matter  in  state  of  change,  had  exhausted  the  free  oxygen 
normally  present.  It  was  found  that  even  weak  sewage  devoid  of  oxyg» 
could  be  nearly  saturated  when  dropping  from  such  a  box  through  3§  ft.  <rfA 
The  small  streams  twist  and  break,  and  the  water  becomes  a  white,  foamiiil 
mass  about  6  in.  below  the  box.     Regulation  is  by  float  valve.f 

Chemical  Treatment.    Effect  of  hypochlorite  of  lime  upon  conatmrf^* 
materials, — Strong  solutions  of  hypochlorite  of  lime,  or  bleach,  rapidly  corrodi 
iron,  steel  and  copper,  but  brass,  bronze  and  tin  resist  well.     Most 
are    quickly   destroyed,    if    unprotected.     Portland    cement   mortar, 
crockery,  paraffin,  hard  rubber,  lead  and  galvanized  iron  are  but  sli^4f 
attacked,  if  at  all. 

Solution  Tanks. — For  the  Anheuser-Busch  brewery,  St.  Louis, 
plant,  sulphate  of  alumina  is  dissolved  in  a  concrete  tank  having  three 
tangular  divisions  each  10  by  7  by  5  ft.  deep,  in  each  of  which  from  500 
2000  lb.  can  be  dissolved  in  2  to  5  hrs.    Lime  is  slaked  in  iron  tanks  12  by 
by  7  ft.  deep  with  sloping  bottoms;  each  has  also  a  perforated  false  bottom 
a  depth  of  30  in.,  on  which  the  lime  is  placed  and  partly  submerged  in  1 
of  water;  after  slaking,  which  requires  about  1  hr.,  the  mixture  is  stirred  Eii» 
readily  passes  the  perforations. t 

•  See  p.  259:  also  p.  690.  t  (Jl.  N.  E.  W.  W.  A.,  March,  1918.) 

t(T.  A.  S.  C.  E.,  Vol.  77,  1914,  p.  1063.  Edw.  Flad.) 

260 


262 


WATERWORKS  HANDBOOK 


A  slope  of  1  on  1.5  should  be  safe  in  stable  material,  when  lined  with  cai- 
Crete,  unless  there  be  a  probability  of  the  canal  being  emptied,  with  satuntei 
material  back  of  the  lining.  Where  freezing  may  occur,  the  upper  part  of 
lining  should  be  heavier  and  backed  with  free-draining  material,  such  ai 
gravel  or  broken  stone.  In  milder  climates  thin  linings  have  been  UNd 
successfully. 


TYPt  » 


TYPICAL  SCCnON  SHOWING  ORAM  MPC 


Fig.  136. — Open  channels.    U.  S.  Reclamation  service. 

f6rmulas  for  flow  in  ditches  and  canals* 

Table  61.     Safe  Velocities  in  Unlined  Earth  Ditches 

(W.  p.  Burr,  E.  N.,  Feb.  8,  1894) 


Velocity 


Kind  of  earth 


Ft.  per  BCc. 

Ft.  per 
min. 

0.3 

18 

0.6 

36 

1.1 

66 

2.6 

156 

1.2 

72 

1.8 

108 

3.0 

180 

4.8 

288 

6.2 

372 

7.2 

432 

Soft  brown  earth 

Soft  loam 

Pure  sand 

Gravel 

Sandy  soil,  15  per  cent,  clay 

Sandy  soil,  40  per  cent,  clay 

Loamv  soil,  05  per  cent,  clay 

Clay  loam,  85  per  cent,  cla}' 

Agricultural  clay,  95  per  cent,  clay 
Clay .* 


Caution  in  Use.  For  the  practical  application  of  any  formula  to  an  impo 
tant  new  case,  the  engineer  should  always  consult  actual  gagings,  approxim^ 
ing  as  nearly  as  possible  to  the  new  case,  whenever  this  can  reasonably  be  don 

Mean  Depth  or  Mean  Radius.f  The  mean  depth  of  water  is  express^ 
usually  as  "mean  depth'*  for  rivers,  and  as  **mean  radius"  for  artificial  chaJ 
nels.  There  is  a  difference,  sometimes  of  moment,  between  these  two  exprc? 
sions.    Applications  of  formulas,  therefore,  should  take  due  account  of  it. 

•See  aUo  Chapter  XXV,  page  551. 

t  Rudolph  Hering:  Trans.  Am.  Soc.  C.  E.,  1911,  Vol.  74,  p.  461. 
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^*O30,  canals  and  rivers  in  earth  in  moderately  good  order  and  regimen, 
having  stones  and  weeds  occasionally. 
0.035,  canals  and  rivers  in  bad  order  and  regimen,  overgrown  with  vege- 
tation, and  strewn  with  stones  and  detritus. 

Sutter's  Fonnula  for  Rock  Channels.    In  1908,  J.  C.  Stevens  (E.  N.,  June 

S,  1911)  made  rating  of  Umatilla  river.  Ore.,  where  flow  is  over  water- worn 

bsLSBlt  rock,  free  from  silt,  sharp  comers  and  jagged  edges.    Values  in  Table  63 

were  derived  from  rating  curve.    Stevens  suggests  no  less  a  value  than  n  = 

0.035  for  unlined  canals  in  newly  excavated  rock. 

Table  63.    Gaging  of  Flow  in  Water-worn  Rock  Channel 


Gace  hight. 

Area, 

Mean  vel.. 

Dboharge. 

Slope 

Hyd.  radius. 

Chesy, 

Kutter. 

ft. 

aq.  ft. 

ft.  per  sec. 

O.f.8. 

Rit., 

C 

n 

4 

325 

4.24 

1,380 

0.00435 

1.87 

47.0 

0.0340 

5 

505 

6.86 

2,960 

0.00415 

2.77 

54.7 

0.0323 

6 

688 

7.14 

4,910 

0.00395 

3.70 

59.0 

0.0316 

7 

875 

8.35 

7,300 

0.00375 

4.58 

63.8 

0.0305 

8 

1,065 

9.58 

10,200 

0.00355 

5.46 

68.8 

0.0294 

9 

1,255 

10.43 

13,100 

0.00335 

6.32 

71.7 

0.0285 

Chezy  Fonnula  applies  to  both  pipes  and  open  channels.  V  =  Cy/R  \/5. 
"  =  velocity,  ft.  per  sec. ;  R  =*  hydraulic  radius,  f t. ;  S  =  slope  =  sine  of  angle 
rater  surface  makes  with  the  horizon. 


.,  ^   ,   1.811      0.00281 
41.6  H IT-  4-  - 


C  = 


n 


S 


1  + 


(«■ 


6  + 


000281  \  _n_ 


''alues  of  C  for  various  values  of  Kutter's  n,  R  and  S  are  given  in  Traut- 
pine's  Engineers'  Pocke'tbook.  Kutter's  expression  for  C  is  empirical  and 
hould  be  used  with  caution,  keeping  within  limits  based  upon  reliable  data. 

Wm.  £.  Fobs  Formula.* 

7^^  =  CfRh  for  surfaces  corresponding  to  Kutter's  n  =  0.009  to  0.017. 
/^  =  C/Rh  for  surfaces  corresponding  to  Kutter's  n  —  0.020  to  0.035. 
7/  varies  with  roughness;  «  =  sine  of  inclination. 


Table  64.    Comparison  of  Kutter's  n  and  Foss'  C/ 

Kutter's  n 

Cf 

Kutter's  n 

1 

Ct 

0.009 

23,000 

1 

0.017 

6,000 

0.010 

19,000 

0.020 

5,000 

0.011 

15,000 

0.025 

3,000 

0.012 

12,000 

0.030 

2,000 

0.013 

10,000 

0.035 

1,500 

0.015 

8,000 

See  p.  555  for  pipes. 
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Table  65.    Gagings  in  a 

Concrete-lined  Channel, 
Reclamation  Service 

Umatina  I>roject,  U. 

s. 

Hydraulic  elements 

Sections 

/ 

C               D 

E                F 

^1/  / 

Length,  ft 

Slope 

Average  depth  of  water,  ft 

Mean  area,  so.  ft 

Mean  hydraulic  radius,  ft. . 

Quantity,  cu.  ft.  per  sec 

Velocity,  ft.  per  sec 

Chezy's  C  (page  265) 

Kutter's  n 


640 

120 

220 

1075 

0.0014 

0.0017 

0.0027 

0.0017 

4.00 

4.10 

4.02 

3.96 

28.95 

29.90 

29.10 

28.50 

2.13 

2.18 

2.17 

2.11 

7.1 

6.8 

6.9 

7.1 

129 

114 

90 

119 

0.0132 

0.0149   0.0189 

0.0142 

The  channel  section  is  semicircular,  9.8  ft.  diam.;  ultimate  capacity,  300 
cu.  ft.  per  sec.  The  four  sections  tested  make  up  the  main  canal,  entry  and 
exit  curves  being  omitted.  Sections  D  and  E  are  on  a  curve  of  50-ft.  radius^ 
which  caused  great  disturbance  of  flow.  Sharp  curvature  cannot  be  intro- 
duced into  canal  alinement  at  such  frequent  intervals  as  will  lead  to  the  over- 
lapping of  the  backing-up  effect,  thereby  inducing  an  actual  net  loss  of  head. 
E.  G.  Hopson,  E.  R.,  Oct.  21,  1911,  p.  480. 

Surging  in  Open  Channels.     Surges  in  Tieton  canal  (8  ft.  3  in.  diam., 
semicircular,  concrete  lined)  seemed  to  obey  no  definite  hydraulic  law.    With  a 
maximum  flow  of  274  cu.  ft.  per  sec,  on  some  75-ft.  stretches  water  would  be 
3  ft.  deep;  on  other  similar  tangents,  5  ft.  deep.    E.  G.  Hopson  thinks  that 
the  canal  was  constructed  wit^  too  rigorous  a  contraction  at  the  headworks; 
at  certain  points  variations  in  depth  and  velocity  could  not  be  explained  by , 
alinement  or  quality  of  the  work.    Points  of  turmoil  occurred  at  about  20()-ft. 
intervals,  regardless  of  curve  or  tangents,  being  somewhat  more  noticeable 
on  tangents.     In  addition  there  were  traveling  surges,  6  ft.  higher  than  the 
surrounding  water,  which  worked  slowly  downstream,  beginning  at  a  poio^ 
where  the  depth  was  4  ft.,  with  quantity  of  200  cu.  Jt.  per  sec.     On  curves, 
the  water  often  heaped  on  the  inside  edge.    The  velocity  was  high  enough 
to  start  a  25-lb.  stone  downstream.    A  velocity  of  11  ft.  per  sec.  caused  ¥raves 
of  considerable  size  on  uniform  slopes.    J.  S.  Conway  believes  that  points  oi 
turmoil  are  generally  caused  by  small  irregularities  in  alinement  and  grade  and 
traveling  surges  by  loss  and  recovery  of  hydraulic  equilibrium.     H.  F.  Dun- 
ham believes  that  irregularities  in  the  water  surface  may  be  to  some  extent 
explained  by  Spencer's  Law  of  Rhythm.     (Trans.  Am.  Soc.  C.  E.,  Vol.  71, 
1911,  p.  179.) 


Curve  Compensation  in  Open  Channels.    Markmann  formula: 

5.  =  5  +  r»  -^  2gRc^ 

Sc  =  tangent  of  slope  in  curve. 

S   =  tangent  of  slope  in  straight  channel. 

V  is  the  velocity  in  the  straight  channel,  ft.  per  sec. 

Re  =  radius  of  curve,  ft. 

Eng.-Contr.,  Sept.  13  and  Oct.  25.  1911,  pp.  285  and  440. 
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^owances  for  odier  losses  of  head,  due  to  changes  in  section,  admission 
»  sides  of  streams  with  different  angles  and  velocities  of  entrance,  changes  in 
j&ntities,  etc.,  should  be  made  as  follows: 

Change  in  section  =  between  ^— ^ — -^   and  zero,  according  to  design. 
Entrance  of  stream  at  side  «  between  Vy2g  and  zero,  according  to  design. 
Change  in  quantity  =  -^ -q— • 

Starting  loss  =  V^/2g. 

1  7* 
Loss  due  to  entrance  at  upper  end  of  canal  =  ^  ^  5  2~' 

Table  M.    Flow  of  Water  in  Open  Channels  (Rectangular  Wooden  Flumes)* 

Values  of  A.  A.  and  75AVr  in  formula  Q  »  75aVrVs 


SiM  of  flume,  ft. 

Safe  depth  of 
water,  ft. 

A 

i2t 

75AVR 

2  X  1 

0.88 

1.76 

0.4681 

90 

2X2 

1.75 

3.50 

0.6364 

209 

3X2 

1.75 

5.25 

0.8077 

354 

3X3 

2.62 

7.86 

0.9539 

578 

4X3 

2.62 

10.48 

1 . 1342 

841 

4X4 

3.50 

14.00 

1.2727 

1187 

6X4 

3.50 

17.50 

1.4583 

1590 

6X4 

3.50 

21.00 

1.6154 

2001 

6X5 

4.50 

27.00 

1.8000 

2713 

7X5 

4.50 

31.50 

1.9688 

3307 

8X5 

4.50 

36.00 

2.1176 

3915 

8X6 

5.50 

44.00 

2.3158 

5016 

9X6 

5.50 

49.50 

2 . 4750 

5829 

10  X  6 

5.50 

55.00 

2.6190 

6683 

Table  67.    Flow  of  Water  in  Open  Channels  (Ditches  in  Earth)* 

Side  Slopes:  3  horii.  to  4  vert.    Values  of  A,  R,  and  50Ay/R  in  formula  Q  =  50Ay/Ry/s 


^idlh  at  top, 
ft. 

Width  at 

bottom, 

ft. 

Depth  of 
ditch,  ft. 

Safe   depth 

of  water, 

ft. 

A 

Rt 

50AVR 

2.4 

1.0 

0.9 

0.8 

1.28 

0.4267 

42 

3.6 

1.5 

1.4 

1.2 

2.88 

0 . 6400 

115 

4.7 

2.0 

1.8 

1.6 

5.12 

0.8533 

238 

6.0 

2.5 

2.3 

2.0 

8.00 

1.0667 

412 

7.0 

3.0 

2.7 

2.4 

11.52 

1.2800 

651 

8.3 

3.5 

3.2 

2.8 

15.68 

1 . 4933 

957 

9.4 

4.0 

3.6 

3.2 

20.48 

1 . 7067 

1,341 

10.5 

4.5 

4.0 

3.6 

25.92 

1.9200 

1,801 

11.8 

5  0 

4.5 

4.0 

32.00 

2.1333 

2,336 

14.2 

6.0 

5.5 

4,8 

46.09 

2 . 5606 

3,687 

16  6 

7.0 

6.4 

5.6 

62.72 

2 . 9867 

5,425 

1      18.8 

8.0 

7.2 

6.4 

81.92 

3  4133 

7,577 

21.0 

9.0 

8.0 

7.2 

103 . 68 

3  8400 

10,161 

23.2 

10.0 

8.8 

8.0 

128.00 

4 . 2667 

13,248 

*  Padfio  Coast  Pipe  Co. 


t  Based  on  safe  depth. 
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Regulating  Dams.  Dams  in  the  Wachusett  open  channel  (Metropol: 
W.  W.,  Boston)  for  regulating  velocity  and  providing  for  drawing  water  f 
beneath  ice  have  been  satisfactory.  With  low  velocities  (less  than  4  ft. 
sec.)  gravel  affords  sufficient  protection  for  the  banks,  but  shoving  of  ice 
the  water  lines  so  that  for  appearance  they  need  to  be  restored  each  sprirx^. 
Depths  of  water  flowing  over  such  dams  should  be  kept  low;  this  frequent^/ 
necessitates  length  of  crest  greater  than  width  of  channel;  by  building  tl>^ 
dam  in  form  of  arc  or  V,  extending  upstream  or  downstream,  any  desired  cne^ 
length  can  be  obtained.  Sluiceways  controlled  by  gates,  below  ice  lev^' 
make  conveniently  possible  the  drawing  of  water  without  disturbing  the  i^^ 
sheet  or  causing  ice  jams. 


Table  68.    Lining  of  Ditches  and  Reservoirs  to  Prevent  Seepage 

Experiments  by  Mead  and  Etcheverry  (1906) 


1 


Deaoription  of  lining 


Average    mean 

sinkage  per  hr. 

in  ft.  excluding 

evaporation 


Effl" 

ciency 

ratio 


Pep  cent, 
saving 


Coat  of 
experi- 
mental 
lining  per 
sq.  ft. 


Coat  of  aetual  lin- 
ing per  sq.  ft 


Cement  concrete,  3  in.  thick 
Cement  lime  concrete,  3  in. 
thick 

Cement  mortar 

Heavy  oil  (3 .  66  gal.  per  sq. 

^yd.) 

Clay  puddle,  3}  in.  thick. 

Heavy  oil  (3 gal.  per  sq.  yd.) 

Heavy  oil  (2 .  33  gal.  per  sq. 

yd.) 

Thin  oil  (2J  gal.  per  sq.  yd.) 
Earth,  unlined 


0.0046 
0.0114 

0.0121 
0.0176 

0.0185 
0.0220 
0.0239 

0.0329 

f 0.03291 

0 . 0355 

0 . 0330 


7.17 
2.90 

86.6 
65.6 

$0,083 
0.083 

2.73 
2.02 

63.3 
50.4 

0.039 
0.012 

1.78 
1.50 
1.37 

47.8 
38.0 
27.3 

0.039 
0.010 
0.008 

1.08 

7.3 

0.01 

1.00 

0.0 

$0,075 
0.075 

0.0325-0.035 
0.012 

0.012 
0.010 
0.008 

0.008 


Where  water  is  valuable,  concrete  lining  is  more  economical,  besides 
most  durable.     If  water  is  plentiful,  expense  of  concrete  lining  may  not 
justified;  oiling  will  suffice.     For  some  conditions  pipes  are  preferable, 
avoid  seepage  and  evaporation.     Very  thin  mortar  or  concrete  linings  cannon- 
be  used  where  frost  is  destructive.     (Agri.  Exp>eriment  Sta.,  Berkeley,  Cal — 
1907,  Bulletin  188.) 

FLUMES 

Wooden  flumes  vary  widely  in  size  and  in  conditions  of  service,  consequent!  . 
in  details  of  design.     Yellow  pine  is  one  of  the  best  materials.     A  recent  8U( 
cessful  design  is  shown  in  Fig.  139.     To  maintain  tightness  of  joints  and  pi 
vent  decay  of  wood,  flumes  should  be  kept  full  of  water,  or  at  least  thoroughly 
wet.     If  necessarily  empty  or  partially  empty  at  times,  wooden  flumes  shoul 
be  sheltered  from  hot  sun  and  drying  winds  by  an  inexpensive  roof  and  sii- 
sheathing. 

Steel  flimies,  semicircular  troughs  of  galvanized  sheet  steel  (patente^^^ 
interlocking  joints)  supported  by  trestles  of  wood  or  structural  steel,  are  mad^^ 
by  several  manufacturers  in  stock  sizes.  Information  about  those  madeby-^ 
Hess  Flume  Co.,  Denver,  Col.  (Hess  and  Maginnis  flumes)  is  here  given 
more  or  less  typical. 
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Mare  recent  type  of  steel  flume  (E.  N.,  Dec.  28,  1911)  eliminates  timbe; 
cross-ties,  lateral  supiK)rt  being  provided  by  two  parallel  timbers  at  top  of 
flume,  to  which  metal  is  fastened  by  a  longitudinal  stiffening  angle.  Ad- 
vantage lies  in  free  channel,  doing  away  with  possible  obstructions  and  con- 
sequent overflowings.  Metal  flumes  are  also  made  by  Chicago  Bridge  and 
Iron  Works,  Graver  Tank  Works,  and  Minneapolis  Steel  and  Machine  Co. 
From  hydraulic  viewpoints,  preference  should  be  given  to  a  type  of  flume 
free  from  ridges  or  projections  in  the  waterway. 

Reinforced  Concrete  Flumes.  Canadian  Pacific  Ry.  Co.  built  (E.  N., 
Aug.  8, 1912,  p.  247)*  near  Calgary,  Alberta,  reinforced  concrete  flume,  10,500 

ft.  long,  with  maximum  hight  54  ft., 
cross-sectional  area,  129  sq.  ft.  Sec- 
tion in  form  of  hydrostatic  catenary 
composed  of  reinforced  concrete  shell 
only  5  in.  thick,  suspended  from  rein- 
forced concrete  structure. 

The  reinforced  concrete  flume  of 
the  Northern  Idaho  and  Montana 
Power  Co.,  Big  Fork,  Mont.  (10  by  22 
ft.  in  cross-section)  was  open  to  the  air.  It  was  necessary  to  design  the  expan- 
sion joints  (Fig.  140)  water-tight  as  the  freezing  of  water  in  the  joints  under  a 
winter  minimum  of  —  30**  F.  might  cause  spalling.  A  flexible  copper  covering 
was  provided  to  permit  movement  as  well  as  keep  water  out  of  the  joint.  An 
ordinary  tongue-and-groove  joint  was  used,  reinforced  to  prevent  breaking. 
The  arc  of  copper  was  of  sufficient  length,  so  that  at  the  lowest  temperature, 
it  would  not  be  straight.  The  side  of  the  copper  next  to  the  concrete  was 
greased  to  prevent  adhesion.  The  effectiveness  is  dependent  on  the  adhesion 
of  the  ends  of  the  copper  to  the  concrete.  Tests  with  18-oz.  copper  inside 
a  standard  briquette,  1  :2  mix,  28  days  old,  gave  the  following  results: 


:~9 

Y 

£1 

J    / 

Fig.  140. 


Type 

Pull  to  break  concrete 

Pull  to  break  bond 

between  copper  and 

concrete 

Without  copper 

Copper,  cleaned 

Copper,  uncleaned 

240  lbs. 
308  lbs. 
346  lbs. 

364  lbs. 
431  lbs. 

Approximately  2  sq.  in.  of  copi>er  was  in  contact;  adhesion  per  Sq.  in.  was 
215  lbs.  with  uncleaned  copper^  and  182  with  cleaned.  (E.  R.,  March  2, 
1912.) 

*  Abo  £.  N.,  Deo.  28, 1014. 
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Fig.  142. — New  Croton  aqueduct. 
Standard  type  above  Jerome  Park 
reservoir. 

(Except  deep  pressure  tunnel  at  Gould's  Swamp.) 


of  natural  cement  concrete,  lined  with  one  ring  of  brick  on  edge.    In  wet 
ground,  grooved  board  platforms  were  placed  in  the  bottom  of  the  trench  be- . 
fore  placing  concrete,  and  wherever  the  head  of  the  ground  water  on  the  invert 
exceeded  6  ft.,  two  rings  of  brick  were  used.     In  two  or  three  places,  where  the 
upward  pressure  of  the  ground  water  was  about  16  or  17  ft.,  and  two  rings  of 

brick  were  used,  the  brickwork  was 
lifted;  these  partial  failures  are  thought 
to  have  been  due  in  some  measure  to 
faulty  work.  The  thicknesses  of  ma- 
sonry in  the  Wachusett  and  Weston 
aqueducts  are  thought  to  be  about  the 
minimum  desirable  for  aqueducts  of 
such  size,  character  and  conditions. 

Alinement    Experience  in  the  con- 
struction and  operation  of  the  Wachu- 
sett and  Weston  aqueducts  (Boston) 
shows  no  practical  objection  to  sharp 
curves,  the  radius  depending  somewhat 
on  the  size  of  aqueduct;  a  radius  of  100 
to  200  ft.  can  be  used  on  large  aque- 
ducts.   Curves  should  be  standardised 
and  limited  in  the  number  of  radii, 
and  forms  should  be  well  made,  for 
convenience  and  economy. 
Changes  in  Cross-section.    Experience  indicates  no  serious  objections  to 
changes  in  cross-section  of  an  aqueduct,  if  made  by  transition  pieces  without 
sudden  enlargement  or  contraction.    Such  changes  are  sometimes  desirable  to 
conform  to  steeper  or  flatter  sloi>es,  to  secure  economical  construction  in  tun- 
nels, or  for  depressed  portions  under  pressure,  as  beneath  railroads  or  highways, 
and  in  similar  places. 

Cracks.     A.  L.  Johnson  has  advanced  the  theory  that  continuous  concrete 
walls  will  crack  vertically  in  sections  such  that  the  weight  of  the  section 
multiplied  by  the  coefficient  of  friction  on  the  soil  is  equal  to  the  tensile  strength 
of  the  wall.    There  have  been  no  longitudinal  cracks  in  the  arch  of  Wachusett 
and  Weston  aqueducts,  but  transverse  cracks  have  appeared  at  dividing  places 
between  days'  work.     In  Catskill  aqueduct,  transverse  cracks  have  been  ob- 
served in  a  few  75-ft.  sections  but  none  in  60-ft.  sections.     No  cracks  wider 
than  0.04  in.  were  found  in  the  Wachusett  aqueduct.     In  winter,  the  cracks 
were  cut  out  by  an  expert  mason  with  a  diamond-pointed  chisel,  to  a  width  of 
J  in.,  and  a  depth  of  Ij  in.  and  pointed  full  with  Portland  cement  mortar. 
Many  parted  again,  but  only  so  as  to  show  an  incipient  crack  at  the  surface. 
So  far  as  observed,  these  secondary  cracks  do  not  go  deeper  than  }  in.,  and 
no  leakage  took  place.     The  aqueduct  4000  ft.  long  connecting  Jerome  PaA 
reservoir,  N.  Y.,  with  New  Croton  aqueduct,  was  constructed  (1904)  with  no 
attention  to  temperature  stresses;  a  few  trivial  transverse  cracks  have  devd- 
oped.    The  acjueduct  is  built  of  Portland  cement  concrete,  horseshoe  section. 
The  trench  is  in  firm  earth  and  rock. 
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wasthatthetongue-and-groovejointwaa  not  practical, although  giving  excelli 
results  when  carefully  made.  Hydrostatic  tests  ahowed  that  leakage  may 
expected  through  invert  joints.     Consequently,  for  water  stops  in  joiii 


between  duys'  work  in  arch  and  side  walls,  and  between  sections  of  invrf 
steel  bands  about  i  in.  thick  by  6  in.  wide,  dipped  or  painted  with  aapbll 
were  adopted.     Half  the  width  was  buried  in  the  concrete  first  cast.    Jw" 
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Weekly  readings  of  water  at  the  inlet  and  at  the  135th  St.  gatdiouBe  of  the 
New  Croton  aqueduct,  1913  and  1914,  showed  a  maximum  of  74^  and  a  mini- 
mum of  33^^  The  extreme  minimum  in  Catskill  aqueduct  is  estimated  at  36^ 
and  the  average  minimum,  40®.  The  water  temperature  may  reach  70*  in 
summer,  and  will  probably  average  65®.  Of  course,  local  climatic  conditions, 
size  of  conduit  and  depth  of  cover  will  affect  these  temperatures. 

Forms.  On  Catskill  aqueduct  collapsible  steel  forms  of  Blaw,  Ransome 
and  other  makes  were  employed.  The  tendency  at  first  was  to  make  the 
forms  too  light  and  with  poorly  fitting  joints  (see  Fig.  141  for  section  of  thii 
aqueduct).  The  greatest  horizontal  movement  in  the  inside  forms  occuned 
about  10  ft.  above  the  invert,  and  in  some  cases  amounted  to  0.02  to  0.14  ft, 
depending  on  design.  The  maximum  displacement  at  the  top  was  aboat 
0.15  ft.,  with  an  average  of  about  0.03  ft.  The  displacement  depends  directly 
on  the  head  of  fresh  concrete.  Several  factors,  aside  from  stiffness,  affect  the 
movement  of  forms:  (1)  character  of  the  interior  bracing;  (2)  type  of  aqueduct; 
in  "firm  earth"  type,  there  is  no  support  of  the  outside  forms  in  the  lower  ^ 
tion;  (3)  weather  conditions;  in  cool  weather,  concrete  sets  slowly,  increaaJng 
the  hydrostatic  pressure  of  liquid  concrete;  (4)  the  length  of  arch  concreted  and 
the  number  of  batches  of  concrete  placed  per  hr. ;  the  more  rapidly  the  fornn 
are  filled,  the  greater  will  be  the  pressure  and  deformation;  (5)  the  number, siie 
and  position  of  stay-bolts  between  inside  and  outside  forms.  A  light  form, 
properly  braced,  gives  a  good  aqueduct  section,  but  will  not  stand  handling. 

The  removal  of  the  bulkhead  of  forms  was  expedited  by  some  contractoii 
on  the  Catskill  aqueduct  by  the  aid  of  a  simple  steam  coil  in  the  bulkhead, 
kept  warm  over  night,  thus  accelerating  the  hardening  of  the  concrete.  Com- 
bined air  and  water  iets  under  pressure  were  found  very  effective  in  cleaninf 
forms.  Steam  jets  hastened  the  drying  of  forms  after  cleaning.  After  the 
removal  of  all  forms,  all  bolt  holes  through  the  concrete,  if  any,  must  be 
thoroughly  filled  with  mortar;  a  little  mortar  plug  will  not  do.  See  "CJoncretc 
forms  for  Catskill  aqueduct,"  by  Alfred  D.  Flinn,  Jl.  Am.  Concrete  Inst, 
June,  1915. 

Interior  Finish.     A  frequent  trouble  with  concrete. is  peeling  at  the  crown, 
as  forms  are  removed,  due  to  suction  or  adhesion,  or  to  green  concrete.    Oa 
one  aqueduct,  Form  oil  gave  poor  results  in  hot  weather;  trouble  was  elinu- 
nated  when  the  thin  Form  oil  was  replaced  by  a  mixture  of  cup  grease  and  blade 
oil.     Good  results  have  been  obtained  by  the  use  of  crude  vaseline  and  crud© 
oil,  i\Jbany  grease,  and  **  Special  Coating  for  Concrete  Forms"   (Manning, 
Maxwell  and  Moore).     Thorough  cleaning  of  forms  is  the  most  essential  re- 
quirement for  obtaining  a  good  finish;  no  lubricant  will  prevent  peeling  and 
other  defects  in  the  surface,  due  to  forms  that  are  not  clean.     Peeling  at  tha 
crown  was  prevented  where  the  tops  of  forms  were  cleaned,  dried  and  greaaed 
just  before  placing  the  last  concrete  at  the  top  of  the  arch,  and  where  care  waa 
taken  in  properly  removing  the  forms.     Forms  hinged  at  tl\e  crown  and  so 
arrjinRcd  that  they  could  be  separated  from  the  concrete  progressively  from 
the  bottoms  of  the  side  walls  to  the  crown  caused  little  injury  to  concrete  SfXt- 
faces.     Porous  concrete  occurred  at  bottoms  of  side  walls,  by  washing  out  ol 
mortar  through  leaks  in  the  forms. 
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Coefficients,  c 

Myer.     Hilly  ground,  1.5.     Mountainous  and  rocky  ground,  4. 

Talbot.  Rolling  agricultural  country  subject  to  floods  at  times  of  melting 
snow,  and  with  length  of  valley  3  or  4  times  width,  }.  Steep  and  rocky 
ground,  ?  to  1. 

Burkli-Ziegler.  (For  run-off  into  sewers.)  Paved  streets,  0.75.  Ordinaiy 
cases,  0.625.  Suburbs  with  gardens,  lawns  and  macadamized  streets,  0.31. 
(T.  A.  S.  C.  E.,  Vol.  10,  1881.) 

Foundation  Embankments.  Embankments  under  Boston's  aqueducts 
(Sudbury,  1878;  Wachusett,  1898;  Weston,  1903)  have  not  settled  perceptibly 
or  so  as  to  cause  cracks.  Slopes  (1  on  1|)  of  cover  embankments  have  stood 
well.  Weston  aqueduct  was  built  largely  on  embankment,  thoroughly  rolled 
in  4-in.  layers  of  carefully  selected  materials.  Banks  stood  6  weeks  or  more 
before  placing  masonry.  Some  embankments  are  soaked  by  forming  shallow 
pools  on  top  when  built  to  full  hight.  After  such  soaking,  the  embankmenl  , 
should  be  given  ample  time  to  drain  free  of  surplus  water  and  harden  before 
building  masonry  thereon.  The  thickness  of  layers  may  be  3  in.  to  6  in., 
according  to  materials,  hight  of  embankment,  etc.  Each  layer  must  be 
very  solidly  compacted.  The  embankment  should  be  built  2  ft.  or  more  above 
final  elevation,  and  the  surplus  excavated  just  before  the  masonry  is  built. 

Flotation.  A  mathematical  examination  of  the  empty  Catskill  aqueduct 
for  buoyancy  showed  that  if  both  ends  of  a  portion  were  stopped,  the  standard 
section  for  dry  loose  earth  (Fig.  141)  would  not  float  with  water  standing  in 
trench  21  ft.  above  the  invert,  if  backfilled;  without  earth  cover,  13  ft^  4  in.  of 
water  would  be  required  to  float.  Possibility  of  flotation  should  always  be 
examined  if  any  conduit  is  located  so  as  to  be  largely  or  wholly  below 
ground-water  level  or  so  as  to  be  under  water  in  floods. 

Waste  weirs  are  so  placed  in  the  Catskill  aqueduct*  as  to  prevent  more 
than  3  ft.  head  above  the  aqueduct  arch,  in  event  of  improper  operation  of 
the  gates. 

Estimating  Quantities,  Catskill  Aqueduct.  Fig.  141  shows  the  principal 
types.  For  rapid  estimates  of  quantities  per  100  lin.  ft.,  Figs.  147, 148  and  149 
were  used  with  topography.  The  established  hydraulic  gradient  gives  invert 
elevation  at  any  station.  If  the  section  is  all  in  earth,  use  Fig.  147  only.  AH 
principal  curves  are  based  on  a  horizontal  surface.  In  case  of  sloping  surface, 
add  the  quantity  derived  from  the  correction  curves.  Fig.  147  applies  to- 
aqueduct  either  in  earth  cut  or  on  embankment;  former  condition  requires  no  | 

^        I 

rolled  embankment;  the  latter,  no  excavation.  Often  the  aqueduct  is  partm 
cut  and  part  on  fill;  for  which  case,  obvious  combination  of  these  curves  can 
be  made.  Figs.  14S  and  149  are  for  aqueduct  in  rock  and  earth.  Directions 
on  Fig.  148  should  be  followed.  Fig.  148  gives  bottom  width  of  earth  ex- 
cavation, which  is  necessary  for  use  on  Fig.  149.  These  diagrams  are  offered 
as  an  example  of  a  method  rather  than  for  direct  use. 

AQUEDUCT  BRIDGES 

Cabin  John  Bridge,  a  stone  arch  of  220  ft.  span,  carrying  Washingt-on  aque- 
duct over  the  run,  was  built  in  1863.     The  conduit  is  9  ft.  in  diam.     Owing 
» the  extension  of  the  reservoir  system,  the  crown  of  the  conduit  is  now  under 
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long  temperature  cracks  lie  in  the  lower  quadraut  of  tlie  conduit  on  Dorth 
of  the  bridge.     The  unequal  expansion  has  opened  the  brick  rings  of  the  con- 
duit along  lengths  of  cracks,  and  the  upper  quadrant  is  moving  over  the  lovtf 
at  a  rate  of  \  in.  per  yr.     The  remedy  is  a  segmental  cast-iron  lining,  8  ft. 

6  in.  diam.    (E.  R.,  Apr.  1,  1911,  and  E.  N.,  July  10,  1913.) 

Assabet  Bridge,  Wachusett  Aqueduct,  has  a  length  of  359  ft.,  compoaed  d 

7  granite  arches  (I  over  road  and  6  over  a  mill  pond),  with  spans  of  29.5  ft; 
hight  of  the  crowns  above  pond,  17  ft.  The  lower  half  of  the  aqueduct  on 
the  bridge  has  the  same  form  as  at  other  places,  but  the  upper  part  baa  vertial 
walls,  roofed  with  I-beams  and  brick  arches,  instead  of  the  semicircular  ard 
A  lead  lining  was  provided  to  prevent  leakage  from  the  aqueduct  where  it 
crosses  the  bridge,  and  it  was  absolutely  water  tight,  winter  and  summer,  for 


Fio.  149. — Earth  quantities. 

(Uae  with  tig.  148.) 

a  number  of  years,  when  a  sUght  leak  developed,  the  cause  of  which  had  B** 
been  discovered  at  time  of  writing  this.*  The  lead  weighed  5  lbs.  per  sq.  (t» 
came  in  sheets  16  ft.  long  and  9  ft.  wide.  Sheets  were  burned  together  withmil 
solder.  To  insure  the  permanence  of  the  lead  and  make  satisfactory  wA, 
the  bottom  and  sides  of  the  aqueduct,  against  which  lead  was  to  be  placed, 
were  smoothly  plastered,  with  j  in.  of  Portland  cement  mortar  and  then  coatei 
with  asphalt.  After  the  sheets  of  lead  had  been  put  in  place,  and  burned  to- 
gether, they  were  covered  with  a  thick  coat  of  asphalt;  then  an  8-ih.  biiii 
lining  was  put  on.  To  protect  the  top  of  the  bridge  from  weather,  to  prevent 
rain  from  soaking  into  the  masonry,  and  to  make  a  suitable  finish,  it  was  cot* 
ered  witli  granolitliic,  laid  on  2  layers  of  roofing  felt  coated  with  coal  tar. 

Wellesley  Arches  and  Echo  Bridge  of  the  Sudbury  aqueduct  were  lined 
similarly  to  the  Asaabet  bridge,  but  not  for  full  hight,  as  it  was  not  feasible  in 
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'7*H  Spmew  tobfMtJwIth 
^»C;_  ;  JJ^  iCofKrrft  or  with  •*■/  *«* 


expensive  to  sink  than  J'ectangular  of  same  size.  Long  rectangular  st 
easier  and  cheaper  to  excavate,  due  to  larger  quantity  which  can  be  ta 
as  bench,  except  that  comers  are  expensive  and  troublesome.  Clrcula 
are  free  from  comer  difficulty  and,  yard^or  yard,  often  cost  no  more  t] 
tangular.  Elliptical  shafts  are  better  than  either,  having  advantages  < 
are  of  good  section  to  sink  through  soft,  water-bearing  ground  as  the 
hydrostatic  pressure  well.  Circular  shafts  are  best  for  waterways,  as  do^ 
uptake  and  drainage  shafts  of  pressure  tunnels;  circular  shafts  were  i 
tensively  on  Catskill  waterworks  of  New  York  City. 

Shaft  and  Tunnel  Excavation.  Methods  have  changed  radically 
few  years  due  to  introduction  of  pneumatic  hand  drills.  Formerl} 
trimming  had  to  be  done  by  hand  and  was  expensive,  it  was  good  ] 
to  set  heading  holes  well  outside  neat  line  to  do  away  with  trimming, 
pneumatic  hand  drills  trinouning  is  greatly  cheapened;  it  is  now  good  ] 
to  set  main  holes  closer  and  do  a  great  deal  more  trimming,  resulting  i 
more  accurate  excavation  (diminished  breakage),  with  correspondii 
duced  quantities  of  masonry. 

Grade  Tunnels:  Ground-water  Admission.  Catskill  aqueduct 
tunnel  linings  are  not  designed  to  resist  external  water  pressure;  exce] 
a  few  places  where  quality  is  objectionable,  ground  water  is  admitted 
by  venting  under-drains  and  by  building  weepers  into  side  walls.     D 

based  on  assumption  that  groim* 
head  will  exceed  head  of  water  L 
duct  except  at  portals,  where  tuni 
made  tight  and  stronger. 

Pressure    Tunnels :     Brick 

Tunnels  of  Niagara  Falls  Power  C 

lined  with  vitrified  brick,  after  due 

eration  of  concrete;  four  courses  oi 

ican  side,  inner  course  being  of  es] 

hard  vitrified  brick;  on  Canadia 

one   layer  of  vitrified  brick  back< 

concrete;  total  thickness,  20  in.    1 

not  approved  as  there  is  no  oppc 

for    proper    bonding.       No    eros 

Niagara  to  date.    John  Bogart  C 

C.  E.,  Vol.  31,  1894,  p.  317),   dis 

Niagara  tunnels,  says  various  expe 

with  sand-blast  showed  that  hard-burned  brick  surpassed  in  resist 

abrasion   any  substance  practicable  for  tunnel  lining.    Brick  lining 

cinnati  waterworks  land  tunnel  consisted  of  8.5  in.  (2  rings)  of  specie 

fied  shale  brick  in  1:2  Portland  cement  mortar,  backed  with  1 :  2  :  4  P 

cement  concrete,  packed  solid  against  wall  all  round,  and  grouted 

ground.    Special  tunnel  brick  was  voussoir  shaped,  and  had  2  longi 

grooves  in  each  bed.     Resident  engineer,  J.  A.  Hiller,  considered  p 

^d  brick  without  grooves  quite  as  good  for  tunnels  over  7  ft.  diam 

ial  features  add  slightly  to  cost.     Chief  engineer  Benzenberg,  o 

1,  thought  it  advisable  to  keep  down  joint  thickness  by  voussoir 


Holf  Section.      I        Half   Saction. 
(a' to  A  Lir>«)  (lO'to  A  Lint) 

Fig.  151. — Concrete-lined  pressure 
tunnel,  Catskill  aqueduct. 

(Diameters  11'  0"  to  10'  7".) 
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difficult.  (4)  Concreting  key  from  end  of  form,  or  makii^  closure  by  specud 
device,  Fig.  147,  or  other  means.  (5)  Grouting  the  dry  packing,  if  any,  and  aU 
Beams  and  voide  behind  the  lining,  first  at  low  pressures  and  finally  at  liigh 
pressures. 

GrotUitm  a  Wet  Twind.    A  portion  of  the  Rondout  pressure  tunnel,  Catt- 

kill  aqueduct,  was  driven  on  an  up-grade  of  15  per  cent,  through  badly  folded . 

and  crushed  strata  of  High  Falls  shale  and  Binnewater  sandstone.    Theee 

porous  strata  contained   much   water,   which    drained   into   the   tuDnel; 

inflow  in  350  ft.  of   tunnel  was   1950  gals,  per  min.    (42  mgd.  per  mile) 

when    first   driven   (Dec.   1,   1910)   dimlniahlng  to   1000  gals,   per  min. 

(21   mgd.  per  mile)  at  time  of  grouting   (Jan.  27,   1912).     Water  ooied 

and  spurted  in  over  entire  area.    The  resulting 

cascade  down  the  incline  gave  the  impresaioo  di 

good'sized  trout  stream.     It  was  finally  decided 

to   place   a  24'in.   concrete  lining   through  the 

wettest  portion  (175  ft.)  Inside  of  a  steel  shell; 

the  space  betw^n  the  shell  and  the  rock  was  ilj 

packed,  thus  acting  as  an  immense  blind  dniii- 

Water  collected  in  the  dry  packing  wasdraioed 

through  6-in.  branch  pipes  into  an  S-in.  steel  fi^ 

buried  under  the  invert,  and  discharging  throu^ 

a  valve  at  the  bottom  of  the  wet  stretch.    Tbis 

allowed  the  side  walls  and  arch  to  be  placed  in 

perfect  dryness,  provided  for  the  collection  and 

,  .  dbposal  of  water,  and  allowed  maximum  elu- 

Pio.  153.— Rondout  preo-  ticity  in  grouting.     The  necessary  steps  m  this 

^cSon"""*''  ^"'"^  "  **'  "'"^'^  "^■^^  <^'  '^5^8  *^^  ^''^-  ^^"^  P'P*  "^ 
Y-branches;  (2)  laying  the  invert;  (3)  erectini 
and  dry  packing  the  steel  shell;  (4)  placing  lining;  (5)  low-pressure  grout- 
ing; (6)  high-pressure  grouting.  The  average  thickness  of  the  invert  wU 
somewhat  over  3  ft.  The  wooden  invert  forms  were  calked  with  oakuDi 
cement  and  plaster  of  Paris,  thus  forming  a  cofferdam  175  ft.  long  and 
about  6}  ft.  wide.  The  water  from  the  sides  and  roof  ran  along  ouUide 
the  forms  and  was  diverted  at  intervals  into  the  8-in.  pipe  by  SP*!' 
dams.  After  the  possibihties  of  this  work  had  been  exhausted,  there  *■■ 
still  an  excessive  amount  of  water  flowing  with  great  velocity  down  ^^ 
invert,  due  partly  to  springs  in  the  bottom,  partly  to  leakage  through  aetal 
rock  under  the  forms,  and  partly  to  the  difficulty  of  making  tight  the  irr^ul*' 
contact  between  the  forms  and  rock.  Accordingly,  the  invert  was  divided 
into  several  stretches  of  25  to  40  ft.,  by  tight  wooden  bulkheads,  and  el^ 
stretch  treated  separately.  A  sand-bag  dam  was  formed  about  2  ft.  upstrem 
from  the  bulkhead  and  this  water  turned  into  the  pipe  through  a  hole  ft 
through  its  top.  Leakage  through  the  dam  was  bailed  out  of  the  space  betwec 
it  and  the  bulkhead.  Thebottom  was  "dried  up"  wherever  possible  by "p>o- 
ning,"  but  in  most  cases  it  was  necessary  to  lay  broken  stone  drains,  coved 
with  cement  bags.  At  least  2  grout  pipes  were  provided  for  each  pan  fi 
drain  to  insure  circulation  of  grout.  The  pan  is  a  sheet  of  metal  suitably  benl 
to  shape,  laid  over  a  spout  of  water.    This  work  was  tedious,  but  once  oon- 
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support  for  the  masonry  is  more  perfect  as  it  is  possible  to  force  grout  to  th^ 
top  of  all  cavities  which  could  not  be  concreted;  (2)  it  is  more  water-tight-* 
concrete  at  top  of  arch  could  not  be  as  liquid  as  elsewhere,  and  ramming  \^ 
awkward;  (3)  it  is  rapid  and  cheap. 

Method  of  Constructiiig  Metropolitan  Waterworks  Tunnel  under  Chelseoi 
Creek,  Boston  (1900).  Driven  by  open-shield,  9  ft.  in  diam.,  compos^^cd. 
of  two  circular  ribs  of  angle  irons  and  plates,  connected  by  plates  and  brace^cd 
by  two  I-beams,  one  vertical  and  the  other  horizontal.  This  frame 
covered  by  plates  J  in.  thick,  4  ft.  long,  projecting  over  frame,  but  ni 
sharpened;  shield  was  used  only  for  supporting  the  earth  as  excavation  pi 
ceeded.  It  was  moved  by  6  hydraulic  jacks  arranged  to  be  worked  simi 
taneously  or  individually,  as  required  to  keep  proper  alinement.  After  tl:=m€ 
shield  had  advanced  15  to  18  in.,  jacks  were  removed  and  wood  lagging  p^«>a1 
in,  of  2-in.  stock,  8  segments  to  the  circle,  and  4  in.  thick.  Lagging  segmen.'t^^ 
were  spiked  to,^  and  broke  joint  with,  the  ring  previously  set.  Exposed 
faces  of  excavation  and  the  wood  lining  were  promptly  smeared  with  c1 
to  prevent  waste  of  air.  Wood  lining  took  the  thrust  of  the  jacks  and  sa; 
ported  the  walls  until  about  8  ft.  of  tunnel  were  ready  for  brick  lining, 
fore  bricklaying  began,  the  clay  was  scraped  off  the  wood  lining  and  tl»^ 
whole  given  a  wash  of  Portland  cement.  The  brick  ring  was  built  solidl/ 
against  the  wood  Uning  all  around  and  was  12  to  16  in.  thick,  according  S3 
the  wood  lining  varied  from  true  alinement. — (C.  M.  Saville,  engineer  in  charge.) 

Leakage.     Cincinnati  waterworks  land  tunnel  had  a  leakage  inward  of 
10  gals,  per  min.  for  22,250  ft.,  or  3400  gals,  per  day  per  mi.;  later  gagings 
showed  5800  gals,  per  day  per  mi.,  an  increase  of  70  per  cent,  in  8  months  be- 
tween the  first  and  last  gagings.    The  leakage  concentrated  in  1100  ft.  of  tun- 
nel was  at  maximum  rate  of  117,500  gals,  per  day  per  mi.    Leakage  outward 
varied  from  10  to  42  gals,  per  min.;  maximum,  14,000  gals,  per  mi.  per  day, 
for  the  entire  tunnel,  or  290,000  gals,  per  day  per  mi.  of  the  wet  stretch.     Maxi- 
mum outward  leakage  occurred  under  a  head  of  34  ft. ;  inward,  under  an  esti- 
mated head  of  75  ft.    The  outward  leakage  of  10  gals,  per  min.  was  obtained 
under  a  head  of  23  ft.  for  the  first  test,  and  33  ft.  for  the  fourteenth  test,  1  month 
later.    The  reasons  for  the  tightness  of  this  tunnel  are:  (1)  tightness  of  the 
rock,  but  5  per  cent,  of  which  showed  leakage  before  lining;  (2)  non-absorbent 
and  doubtless  impermeable  character  of  the  brick  used;  (3)  the  slow-setting 
mortar  facilitated  the  complete  filling  of  the  joints;  (4)  exceedingly  rigid  in- 
spection; (5)  the  large  percentage  of  limestone  dust  probably  made  the  concrete 
dense;  (6)  careful  protection  of  the  masonry  from  water  during    setting; 
(7)  thorough  grouting  in  wet  ground. 

In  the  Ea^t  Boston  Subway  tunnel j  a  l^-mi.  stretch  leaked  25  gals,  per  min. 
(24,000  gals,  per  day  per  mi.)  before  grouting;  7  gals,  per  min.,  or  6700  gals, 
per  mi.  per  day  after  grouting. 

Jersey  City  Conduit^  according  to  J.  W.  Hill  (Proc.  Engrs.  Club  of  Philar 
delphia,  1905)  showed  a  leakage  during  construction  of  134,000  gals,  per  day, 
or  154,000  gals,  per  day  per  mi.,  for  Section  1,  of  which  1600  ft.  was  a  tunnel 
through  shale  and  sandstone,  and  3000  ft.  in  open  cut.  The  conduit  is  con- 
crete-lined, with  an  internal  diameter  of  8  ft.  6  in. 
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The  New  Croton  Aqueduct  tunnel  had  a  leakage  outward  m  7  mi.  u 
130  ft.  head  of  225,000  gals,  per  day,  or  32,100  gals,  per  day  per  mL 
leakage  inward  in  25  mi.  of  tunnel  lined  with  brick  (and  concrete  ni 
in  places)  was  4  mgd.  or  160,000  gals,  per  day  per  mi. 

CatskiU  aqiiedud  pressure  tunnels  in  rock  are  being  shown  by  prelim! 
tests  to  be  satisfactorily  tight.    Results  of  final  tests  are  not  yet  avail 

Tunnels :  Capacity,  Lined  vs.  Unlined.    With  two  rock  tunnels  of 
size  and  same  slope,  one  unlined  would  require  twice  the  cross-sectional 
of  one  lined  with  smooth  masonry  to  carry  same  quantity  of  water. 

Unlined  portions  of  Wachusett  rock  (granite  and  diorite)  tunnel 
given  little  trouble  since  aqueduct  has  been  in  service  (1898).     No 
masses  have  fallen,  but  small  quantities  of  chips  are  found  on  invert 
time  aqueduct  is  cleaned.    Loss  of  head  due  to  roughness  of  rock  is  grei 

AQUEDUCT  MAINTENANCE 

Fouling.  Compensation  must  be  made  for  the  greater  fouling  of  aquec 
near  the  head-works.  Observations  show  that  a  point  exists,  downsti 
from  which  fouling  is  practically  constant.  The  fouling  of  Sudbury  aquc 
extends  downstream  about  1000  ft.,  decreasing  rapidly  at  first,  and  then  i 
slowly;  beyond  2  mi.  from  the  head-works,  fouling  is  constant.  Foi 
reaches  its  ultimate  effect  on  flow  in  6  or  7  months.  The  decrease  in  capi 
cannot  be  charged  to  diminution  in  cross-section  alone;  the  fouling  lay 
principally  Polyzoa,  which  intercept  and  hold  diatoms  and  other  organ 
together  with  much  amorphous  matter.  When  the  aqueduct  is  drained 
appears  as  dark  brown  slime,  usually  not  over  -h  in.  thick;  when  submei 
the  floating  tentacles  may  occupy  5  times  as  much  space;  even  so,  the  ar 
the  aqueduct  would  not  be  diminished  1  per  cent.  Nevertheless,  thei 
moval  after  1  yr.  increases  capacity  11  per  cent.  (max.  14  per  cent.),  as  si 
by  current  meter  gagings  before  and  after  cleaning.  In  aqueducts  can 
the  same  quantity,  with  the  same  degree  of  fouling  (neglecting  the  smal 
crease  in  area  and  the  effect  of  viscosity)  the  loss  of  capacity  would  var 
rectly  with  the  wetted  perimeter,  and  with  some  power  of  the  velocity, 
distance  of  the  greater  fouling,  corresponding  to  the  2  mi.  for  Sudbury,  ^ 
vary  in  other  aqueducts  in  direct  proportion  to  the  volume  of  water  pas 
and  in  inverse  proportion  to  the  area  for  growths  to  fasten  on. 

Experience  on  Cochituate  aqueduct,  Boston  (brick  lining),  is  that  depos 
slime  and  dirt  allowed  to  accumulate  give  place  to  growths  of  spongilla,  v 
after  a  year  or  two  become  hard,  with  long  finger-like  projections,  formir 
rious  obstructions  to  flow  of  water;  maximum  reduction  of  capacity 
12.5  per  cent.  For  Wachusett  aqueduct,*  Boston  (brick  lining  below  sp 
ing  line,  concrete  above),  10  per  cent,  reduction  in  flow  was  measur 
end  of  the  first  year,  with  coat  of  slime  about  h  in.  thick,  but  no  spor 
New  Croton  aqueduct, t  New  York  (brick  lining),  after  9i  years'  constat 
without  cleaning  showed  a  reduction  in  flow  of  14  per  cent. 

Freedom  from  Fouling  of  Concrete  Lining.  The  deterioration  in  car 
rapacity  of  concrete  conduits  is  small,  probably  less  than  for  brick. 

•  See  Fig.  144.  f  See  Fig.  142. 
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Plug  Drain  Valves  for  Chambers.  For  drainage,  gate  and  other  chamber 
6-in.  valves,  with  rubber  plugs  and  rising  stems  have  proved  satisfactcxT; 
iron  guides  should  not  be  used  for  the  plug;  they  rust  so  badly  that  the  diik 
cannot  be  lifted.  A  non-rising  stem  necessitates  a  hole  through  disk,  and  if 
the  screw  threads  do  not  fit  perfectly,  leakage  results. 

Screens  at  Inlets.    Screens  are  necessary  where  any  surface  supjdy  tf 
stored.    A  general  arrangement  at  head  works  is:  Guard  the  first  inlets  by 
outside  racks  of  metal  or  wood  bars,  set  edgewise  4  to  6  in.  apart,  to  prereat 
larger  objects  from  entering;  inside  the  chamber,  place  coarse  copper  screem, ; 
about  1-in.  to  IJ-in.  mesh,  to  remove  leaves  and  larger  fish;  finally  goud 
entrances  to  pipes,  pumps,  or  filters  by  screens  having  4  to  6  meshes  per  in., 

arranged  to  be  frequently  removed  and  cleaned. ; 
Screens  should  be  in  duplicate  in  each  passage*] 
way,  where  complete  guard  is  required,  so  thai 
one  set  can  be  placed  before  the  other  is  re- 
moved for  cleaning. 

Screens  in  aqueducts  should  be  placed  in 
chambers,  gi\'ing  access  for  remo\'ing  accumula- 
tions before  they  become  serious  obstructions. 
Clean  screens  of  ample  area  cause  no  loss  of  head. 
Clogged  screens  wiU  be  torn  out  if  of  fine  wire. 

Screen  areas  should  be  liberaL     For  screens 
guarding  entrances  to  pipes,  wire  should  be  No. 
14  or  A  in.     Design  of  screens  and  frames,  and 
apparatus   for   lifting   them  (X.  Y.  Board  of 
Water  Supply,  Fig.  155)  has  proved  satisfactorj-. 

Instead  of  \nre  staples,  brass  clips  spaced  15  in.  apart  should  be  used  to 
fasten  the  trash  baskets  to  screen  frames  so  that  they  can  be  remo\^  easily. 
Revolving  screen,  Roosevelt  Canal,*  was  installed  to  remove  floating  d^brii  \ 
at  penstocks.     Screen  is  in  form  of  truncated  cone,  smaller  end  (7.5  ft.  diam.) 
down-stream:  axis,  (16.5  ft.  long)  inclined  so  that  most  of  smaller  end  is  above, 
high- water  line  and  over  50  per  cent,  of  larger  end  (11  ft.  diam.)  is  submerged.) 
No.   IS  galvanized  wire,  J-in.  mesh,  is  supported  by  |-in.  and  }-in.  circum-i 
ferential  nnls,  in  turn  supp<.)rted  by  sixteen  4-in.  X  J-in.  bars.     Water  enten 
at  larger  end  which  is  free  of  interior  bracing.     Screen  is  held  to  position  by 
an  exterior  trunnion  ring,  5  ft.  ±  from  larger  end  resting  on  trunnion  either 
side  of  center  line,  and  bv  a  shaft  fastened  to  smaller  end.     This  shaft 
passes  far  enough  into  screen  to  support  one  end  of  collecting  trough;  other i 
end  slojx\?  toward,  and  is  supported  by  pier  upstream  from  screen.     Screen  is  < 
tununi  #^  r.p.m.  throuch  gearing  and  ratchet  ring  at  upper  end  by  3.hp.  motor.  .• 
Area  of  submergoii  screen  is  232  sq.  ft.,  when  canal  is  discharging  250  cfs. 
Revolutions  carry  debris  To  top  of  screen  whence  it  drops  into  this  trou^  ■ 
PeriiHlical    discluirijos   from  tank  alxu-e  screen  wash  out  trough  and  free 
screen  of  any  adhering  debris,  t 

•r,  Teichman.  T   A  S  C  E  .  Vol  6*\  190S 

tJLater  advice  »ho«^  th«t  r^wlv'oi;  sonK<n»  msr  be  not  a»  ecoBomical  ••  rarkbar:    Tank  had  iS" 
■ttfimat  capacity  and  ^'Wvation:  men  ka\-v  to  uw  rakr«:  c^ua  and  Boaa  due  to  amen. 


Fan  LiBca  abow  Bormal  Pasltioo. 
▲lt«mBt«  Fosition.  Screen*  la  Baja 
a.2.6.4.c.6.d 

Fig.    154. — Re-entrant    bay 
arrangement  of  screens. 
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should  be  weighted  so  as  to  juat  sink.  They  may  be  given  a  few  co 
boiled  linseed  oil  or  creosoted.  Loog-leaf  yellow  pine  is  a  very  au 
wood.  Stop-planks,*  Hinckley  dam,  N.  Y.  State  Barge  Canal,  are  bu 
of  white-oak  sticks,  fastened  between  steel  I-beams,  in  sections  of  convi 
siz&  Each  section  is  provided  with  bronze  rollers  to  reduce  sliding  ft 
in  both  directions. 

Floor  coveis  over  stop-plank  and  similar  openiitgs,  if  of  wood,  are 
to  huidle  than  if  of  metal,  are  fairly  durable,  and  easy  to  replace,  I 
not  frequently  inspected,  may  become  unsuspectedly  weak,  and  so  di 
ous,  from  rotting  on  underside,  while  top  remains  sound.  Rolled  st 
thin  cast-iron  plates  are  preferable.  Reinforced  concrete  slabs  may  hi 
where  they  do  not  have  to  be  moved  often;  they  are  heavy.  Wrough 
or  steel  plates  should  be  heavily  galvanized  or  kept  well  painted,  partici 
on  under  side. 
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Cost  of  Buildings.    Tlie  following  20  structures  were  built  by  Mettup 
Water  Works,  Boston,  (10-hour  day): 

1.  D.ni»Uhou<«  Cnnite.  brick  linlBK.     ' 

2.  Aqueduct  terminal  Fhaitiber  Granite,  brick  lining. 
n.  Aqueduct  EH(in(  chan.ber            Graaite, 

Pumping  Btatiun  Limcatone,  srsnite  trimminga.  brick  linini. 

Pumping  .tltioa  Sand.tone.  aranitP  Irimniines.  brick  lining. 

Gate  huuH  Umeslone.  brick  lining. 

Buildinn  At  pipe  yird  Brick. 

GatchouHi  Granite,  biownatune  trimminin.brick'l^ms. 


Gagini  cliambcr  Granite,  brounet. 

Aqueduct  terminal  chamber         Granite,  brawns! 
Head  and  meter  chamber  Granite,  brownut 

Filler  pumping  lUtion  Granite,  brownsl 

Diagram  of  Board  of  Water  Supply  coats  {B.W.S,)  i 


'  (limminsi,  briek 


a,  (8-bourday). 

Gate-houses:  Some  Arcbitectural  Details.  Red  Conossera  Span!) 
similar  tile  roofs  for  gate-houses  are  satisfactory  in  appearance;  fc 
weather- tightness  in  climate  with  high  winds  and  drifting  snow,  thi 
not  adapted,  unless  laid  on  steep  slopes;  even  then  it  is  necessary  to  bavi 


CHAPTER  XV 
PLATE  METAL  PIPES 

RIVETED  JOINTS 

Longitttdinal  Seams.  With  low  heads  or  pressures  it  is  only  necessary  to 
design  longitudinal  seams  for  tightness,  and  strength  will  be  excessive.  Make 
the  pitch  of  circular  and  longitudinal  seams  the  same,  as  the  cost  will  be  the 
same  even  if  rivets  are  added  to  the  longitudinal  seam.  The  lap  joint  is  easier 
to  make,  but  above  |-in.  plate  it  is  hard  to  get  a  good  job.  Butt  joint  is  satis- 
factory and  stronger  than  lap  joint  for  thicker  plates.  One  or  two  longi- 
tudinal seams  are  used,  depending  on  the  diam.  and  thickness  of  pipe. 

Circular  Seams.  Make  number  of  rivets  multiple  of  4  so  that  they  will  be 
at  90°  points.  Single  riveting  is  generally  strong  enough.  Either  lap  or 
--butt-joints  are  acceptable  to  shops,  no  matter  what  the  thickness  of  plate,  the 
lap  joint  being  easier  to  make.  The  question  of  circular  seams  is  an  economic 
one,  based  on  gain  in  hydraulic  properties  due  to  the  smooth  interior  with  the 
butt  joint,  against  a  rough  section,  with  alternate  large  and  small  sections, 
with  the  lap  joint.  Butt  joints  add.  from  0.3  to  0.5  ct.  per  lb.  to  the  cost  of 
the  pipe.     (See  page  358  for  temperature  stresses.) 

Rivet  Holes  should   be  i^c  in.  greater  than  the  nominal  diam.  d  the 
rivet;  the  driven  rivet  should  fill  the  hole.     Specifications  commonly  forbid 
drifting;  some  experienced  pipe  makers  believe  that,  with  good  plate,  drifting 
to  the  extent  of  iV  in.  or  even  |  in.  is  not  objectionable.    Catskill  aqueduct 
specifications:  ''Rivet  holes  shall  be  spaced  with  precision.    Holes  in  {^ 
and  thicker  plates  shall  be  drilled  from  solid,  or  punched  to  approved  siie 
and  reamed.    Punched  holes  shall  be  clean  cut,  without  torn  or  ragged 
edges,  and  in  punching  only  the  best  and  sharpest  dies  shall  be  used.    AU 
burrs  or  splits  caused  by  punching  shall  be  removed  by    coimtersinking. 
Corresponding  holes  shall,  without  enlarging,   coincide  to  within  about  tt 
in.,  and  all  plates  in  which  corresponding  holes  do  not  so  coincide  shall  ba 
rejected,  unless  the  engineer  shall  be  of  opinion  that  coiiditioi)B  of  stress  art 
such  at  the  point  in  question  as  to  make  more  extensive  enlargement  safe. 
Drift  pins  shall  not  be  used  in  forcing  holes,  but  any  perceptible  lack  of  coui- 
cideuce  in  acceptable  plates  shall  be  corrected  by  a  sharp  reamer  or  drill.** 
Plates  should  be  punched  from  the  contact  side. 

Rivets.  There  is  little  if  any  difference  in  driving  between  soft  steel  and 
iron  rivets,  but  steel  rivets  are  better;  the  softer  rivet  has  the  lower  shearing 
strength.  The  size  of  rivet  for  theoretical  efficiency  varies  with  type  of 
joint  and  thickness  of  plate,  being  usually  for  lap  joints  about  twice  the  plate 
thickness  from  f  in.  up  to  IJ  in.  diam.  of  rivet.  Maximum  economy  results 
when  crushing   strength  equals  linear.     On  one  large  work,  the  use  of  one 
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Table  73.    Rivet  Gages  and  Edge  Distances  for  Steel  Pipes 

Chicago  Bridge  Sc  Iron  Works 


Rivet  diani.,  in. 

Center  of  rivet  to  edge  of 
plate,  in. 

Spacing  of  rivet  lines,  in. 

J 
1 
} 
i 

1 
U 

It 

2i 

and  triple  riveting  for  butt  joints.  Double  riveting  is  16  to  20  per  cent, 
stronger  than  single.  Joint  efficiency  is  the  ratio  of  stress  to  strength, 
using  unit  stresses  based  on  tests.  With  i,  A  and  A  plates  on  the  Cata- 
kill  aqueduct,  an  edge  distance  of  If  in.  was  used  with  1-in.  rivets.  In 
single-riveted  lap  joints,  the  minimum  pitch  of  rivets  dep)ends  on  the  value 
of  tearing  of  the  plate.  The  maximum  pitch  is  determined  by  requirements  of 
calking.  One  manufacturer  has  the  general  rule  that  the  pitch  of  rivets  in 
butt  joints  should  not  exceed  8  times  the  thickness  of  the  thinnest  butt  plate. 
The  minimum  longitudinal  pitch  in  a  single-riveted  lap  joint  is  generally  limited 
by  the  clearance  between  rivet  heads,  usually  taken  as  i  in. 

Costs  depend  on  many  conditions,  but  all  variations  of  f-in.  to  J-in.  rivets, 
double  or  single  riveting,  would  be  covered  by  10  ct.  per  ft.  of  48-in.  pipe^ 
Pipes  with  tapered,  or  "stovepipe,"  joints  cost  a  little  more  than  alternate 
inside  and  outside  courses,  and  butt-strap  joints  much  more,  especially  if 
the  inside  rivet  heads  are  countersunk.  Tapered  rings  require  lay-out  plat* 
and  make  good  index  punching''*  impossible;  also  require  the  plates  to  te 
curved  to  a  cone.  The  price  for  steel  pipe  can  be  i  to  J  ct.  a  pound  lea, 
if  liberal  time  be  allowed  for  shop  work. 

Lap-riveted  Joints.  Lap  length  is  reckoned  from  edge  to  edge  of  bevel 
Length  of  lap  is  determined  by  the  shearing  value  of  the  rivet  through  tta 
plate,  and  should  not  be  less  than  T  -t-  S  times  the  effective  area  of  plate 
between  rivets;  T  =  strength  in  tension,  S  =  strength  in  shear.  Boiter 
makers  commonly  assume  the  lap  as  3rf,t  probably  because  of  the  wedge 
action  of  the  rivet.  A  single-riveted  joint  may  fail  by  deficient  plate  bearini, 
shearing  rivets,  tearing  of  plate,  rivet  shearing  through  plate,  and  rivet  break- 
ing tlirough  plate.  The  breaking  of  the  rivet  through  the  plate  depends  on  thii 
lap  and  pwtch  and  is  difficult  to  calculate;  it  need  not  be  considered  in  HM 
cases,  as  the  pitch  must  be  close  to  insure  tight  work,  and  only  where  laifl 
pitches  are  used  need  breaking  be  considered.  Butt  strap&^sequii^  double  thij 
riveting  and  have  double  the  chance  to  leak  both  at  rivets  and  edges,  to  sbj; 
nothing  of  the  increased  work  and  materials  but  are  necessary  for  strengtk 
in  many  cases.  The  single-riveted  longitudinal  joints  are  seldom  used  ii 
water  pipes  above  4  ft.  diam.  Double-riveted  lap  and  double-riveted  butt 
joints  have  the  same  strength,  but  the  lap  joint  is  cheaper.  A  joint  hav^ 
ing  a  double-riveted  butt  strap  on  the  outside  and  a  triple-riveted  butt  strap 
on  the  inside  can  be  designed  to  have  efficiency  of  about  85  per  cent. 


*  Using  an  index  plate. 


t  =■  dium.  of  rivet. 
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Table  76. — Properties  of  Riveted  Lap  joints  for  Steel  Pipes  and  Taj 

Chicago  Bridge  A  Iron  WorlcB 


1  si 

tt 

i- 

in.  rivets 

1- 

in.  rivets 

i 

-in.  rivets 

1- 

in.  ri 

Thicknc 
of  plate, 

s 

1 

• 

1 

• 

• 

to 

.£3 

a* 

® 

i 

® 
1 

2 
3 

® 

393 
654 
739 

® 

150 
180 
239 

® 
098 
163 
185 

® 
490 
700 

•  •  • 

® 

188 
250 

•  •  • 

® 

122 
176 

•   •   • 

® 

500 

650 

•  •  •  • 

® 

225 
250 

•  •  •  • 

125 
160 

•  •  •  • 

® 

•  •  •  • 

•  •  •  • 

•  •  •  • 

® 

•  ■  • 

•  •  • 

•  •  • 

ff 

1 
2 
3 

349 
627 
714 

150 
167 
220 

098 
176 
200 

435 
684 
733 

188 
239 
281 

122 
192 
206 

500 
685 

•  •  •  • 

225 
281 

•  •  •  • 

140 
,193 

•  •  •  • 

500 

•  •  •  • 

•  •  •  • 

26 

■  •  • 
•  •  • 

A 

1 
2 
3 

314 
600 
692 

150 
157 
204. 

098 
187 
216 

392 
663 
746 

188 
222 
296 

122 
207 
233 

471 
708 

•  •  •  • 

225 
300 

•  •  •  • 

147 
221 

•  •  •  • 

600 
679 

•  •  •  • 

26 
31 

•  •  • 

1 
2 
3 
4 

286 
571 
673 
732 

150 
150 
191 
234 

098 
196 
230 
252 

356 
640 
727 
781 

188 
209 
276 
343 

122 
220 
250 
268 

428 
688 
745 

•  •  •  • 

225 
280 
344 

•  •  •  • 

207 
237 
256 

•  •  •  • 

600 
709 

•  •  •  • 

26 
34 

•  •  • 

•  •  • 

i 

1 
2 
3 
4 

262 
523 
654 
714 

150 
150 
180 
220 

098 
196 
245 
268 

327 
615 
710 
767 

188 
198 
259 
320 

123 
231 
266 
288 

393 
669 
752 

•  •  •  • 

225 
264 
353 

•  ■  •  • 

147 
251 
282 

•  •  •  • 

'458 
707 

•  ■  •  • 

•  •  •  • 

26 
34 

•  •  • 

•  •  • 

H 

1 
2 
3 

4 

241 
482 
635 
700 

150 
150 
171 
207 

098 
196 
258 
284 

301 
603 
693 
706 

1^ 
188 
245 
302 

122 
245 
282 
286 

363 
651 
737 
785 

225 
251 
332 
406 

147 
264 
299 
319 

423 
689 

•  •  •  • 

•  •  •  ■ 

26 
32 

•  •  • 

•  ■  • 

A 

1 
2 
3 

4 

224 
449 
619 
683 

150 
150 
163 
197 

098 
196 
271 
299 

280 
561 
677 
738 

188 
188 
233 
285 

123 
245 
296 
323 

337 
634 
722 
776 

225 
239 
315 
390 

147 
277 
316 
340 

393 
671 
756 

•  •  •  • 

26 
30 
40 

•  •  • 

H 

1 
2 
3 
4 

•  •  • 

•  •  • 

•  •  • 

•  •  • 

•  •  • 

•  •  • 

•  •  • 

•  •  • 

■  •  • 

•  •  • 

■  •  • 

262 
524 
663 
725 

188 
188 
222 
271 

123 
246 
311 
340 

314 
618 
708 
764 

225 
229 
300 
370 

147 
290 
332 
358 

366 
659 
742 

787 

26 
29 
38 
46* 

For  explanation,  see  page  301. 

Wrought-iron  riveted  pipes  of  large  sizes  are  of  questionable  econ- 
compared  with  steel  pipes  and  there  are  few  mills  which  can  furn 
plates.  Plates  can  be  obtained  up  to  1  in.  thick  in  large  sizes  from  C 
Iron  Co.,  Pottstown,  Pa.;  Central  Iron  &  Steel  Co.,  Harrisburg,  Pa.;  Mc 
Bros.,  Sharpsburg,  Pa.;  and  Sligo  Iron  &  Steel  Co.,  Connellsville,  Pa. 
cipal  defects  are:  (a)  Scabs,  due  to  failure  of  pieces  of  component  n 
weld  into  the  plate,  leaving  the  appearance  of  a  splinter  about  -^f  ir 
(6)  If  a  small  piece  of  metal  falls  on  to  a  plate  in  going  through  the  rolls 
rolled  into  it,  this  defect  causes  rejection;  (c)  Surface  cracks  radiate  fro 
or  cinders;  (d)  Holes,  not  serious  unless  they  penetrate  through  the  pi 
Seams,  streaks  lengthwise  of  the  plates,  starting  at  holes  which  were  rol 
having  their  sides  squeezed  together;  (/)  Blisters,  caused  by  cinders  c 
foreign  substances  preventing  welding  between  two  layers  of  the  plf 
serious  if  small,  or  if  they  can  be  hammered  flat;  steel  scrap  in  the  weld 
causes  blisters;  (g)  Cinder  occurs  in  large  or  small  quantities  in  all  wrouj 
plates;  (a),  (c)  and  (g)  are  not  serious,  but  (e)  is.  Mills  will  generally 
tee  tensile  strength  of  46,000  to  50,000  lb.  per  sq.  in.  (one  mill  only 
from  specimens  cut  longitudinally;  no  guarantee  can  be  secured  for  sp< 
cut  transversely,  but  strength  will  be  about  40,000.  Elastic  limit  is 
to  be  more  than  50  per  cent,  of  ultimate  strength;  soffe  tests  have  give 
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Table  76.    Properties  of  Doable  Butt  Strap  Riveted  Joints  for  Steel  Pipes 
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mm 
■Oft 
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Table  76.    Properties  of  Doable  Butt  Strap  Joints. — Coniinued 


Thick- 
ness of 
plate 


© 


lA 


li 


No.  of 
rows 


I"  rivets 


Eff. 


Pitch 


Seo. 


Strap 


1"  rivcU 


Eff. 


Pitch 


OOCv 


Strap 


® 
1 
2 
3 

4 
5 
6 
7 

1 
2 
3 

4 
5 
6 
7 


® 
282 
564 
690 
747 
787 
816 
838 

275 
550 
684 
748 
783 
812 
835 


® 

262 

262 

322 

396 

470 

544 

618 

262 
262 
317 
389 
461 
533 
605 


® 
344 
688 
842 
913 
959 
993 
1021 

344 

688 
855 
935 
979 
1015 
1044 


64'^ 
11  "X 
16  "X 
21  "X 
26$"  X 
34  "X 
44  "X  Ji 

6|"X 
llI"X 
164"  X 
2li"X 
26i"X 
34  "X 
42J"X 


L" 


® 

® 

® 

322 

300 

393 

632 

306 

770 

721 

403 

879 

775 

500 

945 

811 

596 

988 

838 

693 

1021 

314 

300 

393 

628 

300 

786 

714 

394 

893 

770 

488 

963 

807 

583 

1009 

831 

677 

1039 

7J"X  H" 
134"  XH' 
19j"XH' 
254"  X  H" 
31  J"  X  H" 
421"  Xtt" 


74"  X  fl" 
3{"XH" 


13 

19 

254"  XH" 

314"XH" 

41i"XH" 


y 


Shop  Calking.  Lap  joints  are  calked  all  around,  inside  and  outside;  butt 
joints  on  the  outside  only.     (See  also  p.  328  for  "Field  Calking.") 

Shop  Testing.  To  be  sure  of  tight  work,  every  shop  length  should  be 
tested  before  coating.  This  can  be  done  rapidly  and  cheaply  by  means  of 
special  heads  with  rubber  or  similar  gaskets,  requiring  no  riveting.  Use 
flat-head,  soft-rubber  plugs  in  empty  rivet  holes.  Same  test  heads  can  be 
used  in  field  tests.  One  advantage  of  shop  test  is  that  refilling  of  the  trench 
between  field  joints  can  be  done  at  once,  thus  protecting  the  pipe  from  extreme 
expansion  and  contraction.  Making  the  pipe  tight  is  cheaper  in  the  shop  than 
in  the  field. 


DESIGN  OF  RIVETED  JOINTS,  STEEL  PIPE  SIPHONS,  CATSKILL 

AQUEDUCT* 

Treatment  of  Steel  Pipe  Siphons.  Pipes  crossing  some  small  valleys  are 
of  steel  plate,  diam.  approximately  9.5  and  11  ft.,  Uned  with  Portland  cement 
mortar  having  a  minimum  thickness  of  2  in.,  and  jacketed  with  concrete  hav- 
ing a  minimum  thickness  of  6  in.  After  laying  and  calking,  the  pipes  were  j 
filled  with  water  to  hydraulic  gradient  of  the  adjacent  portions  of  the  aque- 
duct, and  while  under  this  pressure  were  jacketed.  After  the  concrete  had.| 
attained  some  strength,  the  water  was  drained  out  and  the  lining  applied. 
(See  also  p.  323.) 

Assumptions.    No  allowance  was  made  for  corrosion  with   lined  and] 
covered  pipes  and  the  nominal  was  taken  as  the  working  thickness  of  the  stcA] 
plate.    With  unlined  pipes,  the  working  thickness  of  steel  plate  was  assumed' 
t  —  -^  in. 

d  =  nominal  diam.  of  rivet,  inches 

rfi  =  driven  diam.  of  rivet  =  rf-fTV  in. 
f  =  thickness  of  steel  plate,  inches 

p  =  diagonal  pitch  of  rivets,  inches 

Pi  =  longitudinal  pitch  of  rivets,  inches 

flT  =  length  of  plate  between  rivet  holes=pi  — di 

"following  formulas,  tables,  etc.,  are  given  as  examples  only. 
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g  =  gSLge  distance,  inches  {i.e.t  distance  between  two  rows  of  rivets  in  a  plate) 
A  =  edge  distance,  inches,  from  center  of  rivet;  h\  from  edge  of  rivet  hole 

/<  =  unit  tensile  stress  on  steel  plate  i^, d— >i.  d-of 

/c  =  unit  bearing  stress  on  rivets  and  plates  i 1        *--"'1-— ^ — • 

/,  =  unit  shearing  stress  on  steel  plate  j  \^  jy 

f\  =  unit  shearing  stress  on  rivets  in  single  shear    J  Tr 

/",  =  unit  shearing  stress  on  rivets  in  double  shear 
t  =  efficiency  of  joint 
k  =  allowance  for  clearance  between  rivet  heads— §" 


h' 
^ 


T 

h 

I 

± 


Fig.  158. — Steel  pipe,  edge 
distance.     (Table  77.) 


Working  stresses  assumed,  in  lbs.  per  sq.  in.,  were /«=  15,000;  /.  =  22,500; 
/.  =  10,000 ;  /'.  =  9000 ;  /". = 8000. 


Edge  distance.     Theoretical  edge  distance,  h  ^  di  I  0.5  +  0.595 


1  (o.i 


s- 


Table  77.    Steel  Pipe.    Edge  Distance,  from  Consideration  that  Distance  from 
Center  of  Rivet  to  Edge  of  Plate  shall  be  1}  times  Diam.  of  Driven  Rivet 

(All  dimemuons  in  inches) 


Thickneas  of 
plate,  t 


Diam. 
of  driven 
rivet,  di 


di 
t 


Edge  distance 


theoretical 


from  A">l}di|       used 


Lap  of  dreular 

seams,  sinide 

riveted 


A 

1 

i 
A 

1 

f 
I 

H 

U 
i 

i 


lA 
U 
lA 
11 

lA 

lA 

lA 

U 

lA 

lA 

lA 

U 

lA 

lA 


2 

.43 

2 

.57 

2 

.13. 

2 

.50 

1 

.89 

2 

.11 

1 

70 

1 

80 

1 

90 

1 

54 

1 

73 

1. 
1 

82 

49 

1.58 


1.52 
1.64 
1.45 
1.80 

1.40 
1.62 
1.35 
1.45 
1.57 

1.31 
1.52 
1.64 
1.28 
1.48 


1.59 
1.69 
1.59 
1.88 

1.59 
1.78 


1 
1 
1 


59 
69 

78 


1.59 
1.78 
1.88 
1.59 
1.78 


I 


I 


i 


3 
3 

11 

3i 
3} 
31 

3: 

31 
3i 


I 


Gage  Distance  and  Diagonal  Pitch.     I.  The  gage  distance,  g,  required  for 

equal  diagonal  and  longitudinal  strength,  i.e.,  make  resistance  to  tear  and 
shear  along  k  —  f  equal  to  J  resistance  to  tear  along  n  —  e.    See  Fig.  169. 

To  find  g  when  pi,  rfi  and  t  arc  known. 

Resistance  to  rupture  along  k'  —  /'  is  96  per  cent,  that  along  k  -^  f,  and  is  a 

minimum  for  the  pitch  and  gage  distance  assumed.    Therefore  resistance 

100     oi 


along  k  —  f  must  be  made  equal  to 


96 


i^-  v/p,»+"4g»7  9pi«+16(y« 


2di 


Find  the  value  of  q  to  satisfy  this  equation  for  equal  diagonal  and  longi- 
tudinal strength. 

II.  Gage  distance  for  clearance,  diam.  of  rivet  head  *«  2(di— tV')  "  %L 
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'Ecfge  oH'tate 


Hence 


Fio.  159. — Gage  distance  and  diagonal  pitch. 


p  =  2(di-,v')  +  fc=2(i  +  r 


[I.  Gage  distance  for  \  in.  greater  net  diagonal  than  longitudinal  distance. 

i.e.,  2p  =  pi  +  di  +  i" 


p.+d 


•+r 


-  #^''^+ •■-)•- (ir 


Table  78.    Steel  Pipe — Riveted  Joints — Gage  Distance,  Inches 


knflMof 

rp*  of 
Joint 


Diam.  of 
driren  riret 


Long,  pitch  * 


Gage  dis- 
taoce  for 
\'  clear- 
ance 


Gage  dis- 
tance for  \" 
greater   net 

diag.  dist. 


Gage  for 

equal  diag. 

and  long. 

strength 


Gage  dist. 
used 


lA 
lA 
lA 
lA 

lA 

IS 

^* 

lA 
ift 


3.50 
3.11 
3.58 
4.00 
4.09 

3.82 
3.58 
4.00 
4.00 
4.00 

4.00 
3.55 
3.12 
2.96 


1.79 
1.96 
1.75 
1.50 
1.44 

1.61 
1.75 
1.89 
1.89 
1.89 

1.89 
2.10 
2.27 
2.315 


1.65 
1.57 
1.67 
1.75 
1.77 

1.71 
1.67 
1.84 
1.84 
1.84 

1.84 
1.75 
1.66 
1.63 


1.89 
1.76 
1.92 
2.05 
2.09 

2.01 
1.92 
2.16 
2.16 
2.16 

2.16 
1.99 


IH 
2 

Ml 

2A 
2i 

?ft 

2A1 
2A 

2A^ 

It 

2i 
2} 


LongHttdinal  piieh  except  lines  8  to  11  such  as  to  ^re  maximum  practicable  efBcienor  with 
•  of  rlrti  i&  Cu.  2.  For  lines  8  to  1 1  incluiiTe,  longitudinal  pitch  taken  *  8  timet  thickness 
^m  sofT«r  plate,  which  is  \  in.  thick. 
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Single-riveted  Lap  Joint    (See  page  305.) 
Methods  of  failure:    a.  Tearing  plate,    b.  Shearing  rivets. 
For  length  of  joint  =  pi.* 

Resistance  to  tearing  =  (pi  —  di)  tfr, 

to  shear  =  "^/'m 
of  solid  plate  »  Pitft. 
For  equal  strength  against  tearing  and  shearing,  pi  =  j-^ 


di 


f  unless  limited  1 


clearance,  when  p  <  2d  +  J  in.     « 


0.471^* 


1  +  0.471 


t 


The  constant  in  the  e  formula  depends  on  the  value  of /'•  and/i  used,  0.41 
being  replaced  by  t  X  -j" 

Table  79.    Steel  Pipe—Single-riveted  Lap  Joints;  Efficiency,  Pitch  and  Str< 


5 


a 


Diam. 

of 

driven 

rivet  ■■ 

diam.  of 

hole,  di 


Lap  of  Joint 
-2X  edge 
distance  «■  2h 
(See 
Table  77) 


Efficiency  % 


/o 


Maximum 

0.471^ 
t 


l+0.471y 


Developed 
when  pitch 
ia  fixed  by 
clearance  re- 
quirement 


Pitc*h,  Pi,  inches 


for 
max.  eff. 
di 

P»-l-"^ 


for 
clearance 
require- 
ments 
Pi<2d 


Streiisth.  per  is. 
of  joint;  uaingpt 
from  previoui 
column 


Shear, 
lbs. 


TesMii 


i 


1 

lA 
li 
lA 
U 

1 

lA 

li 

1!^ 


3 

3i 

31 

31 

3i 

3 

31 

31 

31 

3J 


51.8 
53.3 
54.7 
56.1 
57.4 

48.4 
50.0 
51.5 
52.8 
54.1 


45.4 
48.6 
52.0 
55.3 
56.5 

39.7 
42.5 
45.5 
48.4 
51.2 


2.07 
2.28 
2.48 
2.70 
2.94 


1 
2 
2 
2 


94 
12 
32 
51 


2.72 


21 
2i 
21 

11 

21 

it 

2i 

2i 


2980 
3190 
3410 
3630 
3840 

2980 
3190 
3410 
3630 
3840 


I 


3800 
3770 
3750 
3740 
3710 

4340 
4310 
4290 
4270 
4240 


Diam.  of  rivet  before  driving  —  di  —  A* 


Section 


Fig.  160. — Double-riveted  lap  joint. 


Double-riveted  Lap  Joint 
Methods  of  failure:    a.  Tea^ 
ing  plate  along  A  A  or  BB. 
b.   Shearing  all  rivets.    For 
length  of  joint  =  pi: 

Resistance  to  tearing  along 

AA    or  BB  =  (pi-di)</i;  to 
2Tdi*  irdi*  „ 

shearing  -  -4— /  •  =  "2"  -^  •» 

of  solid  plate  »  pi(fi. 

Pj»  Y^    unless  limited  by 
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ilearance,  when  p<2(i  +  J" 


The  constant  0.943  is  for  /'.  =  15,000,  /'.  =  9000;  for  other 


ralues  it  becomes  7  -r 

When  ,  =.  70%, d,  -  2A72t, Pi  -  03 
Table  80.    Steel  I^p« — Double-riveted  Lap  Joints.    Efficiency  and  Pltdt 


ThiclE- 

n  nn**' 

Pilch 

Thiok- 

Plub          1 

% 

-ll^ 

I>i>SI 

:s 

■-r^-. 

pi>fli 

1 

if 

ee.» 
68.3 
eg. 6 

70.8 
71.9 
72.9 

2.831 
3.16 
3.60I 
3.851 

4.23 

4.61 

3.50 

ii 

1 

65.4 

67  :b 

69.2 
70.2 

2.89 
3.19 
3.50 
3.85 
4.19 

4.00 

Table  81.    Steel  Pipe— Double -rlreted  Lap  Jolnti,  Lon^tndlnal  Seun 

&ffidettC7,-ntcb  and  StTength* 
(A)  Joints  designed  to  give  maximum  practicable  efficiency  using  rivets 


.  7  ft.  4  in.     t  Sm  footnote 


■una.  If  loncilwluial  joiota  are  double-rivcled  Up,  uuni  aUuerrd  riTet- 
liih,  (■)  vhcn  cduthi  ia  ao  outaide  ddb,  haa  one  oiole  rivet  in  line  next  tdl» 
n  ooune  ia  an  inner  one.  baa  one  morB  rivet  in  line  next  eda*  ol  innar  plate, 
drivini,  lAin.  and  lAin-  reapectivcty.  'Lenalh  0.  toe.  oldlcuUl  Itaml 
HiteMendof  TabloBl,  p.  310. 
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Table  81. — ConHnwd 
(B)  Joints  deaigned  to  give  maximum  practicable  efficiency  u 


raa  deirided  later  to  oiaka  i 

2  (*  +  d) 


...,„  ....       y^-|-.-^_-_-„-K-.-.,-.-.-.-.-.-.-,,--.T-.-- . 


FiQ.  181.— Junction  uf  double-riveted  lap  joint  flongitiidinal  seam)  with  aing 
riveted  lap  joint  (circular  seam). 

(Ciitskill  AqueUurl) 


Fio.  162. — Triple-riveted  butt  joint. 


Triple-riveted  Butt  Joint.    Methods  of  failure:    a.  Tearinfe  pUte  al 
AA.    b.  Tearing  plate  along  BB  and  shearing  rivetjs  on  AA.    c.  T 
trrete  on  one  side  of  CC. 
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'or  length  of  joint  =  2pi: 

Resistance  to  tension  =  tfi  (2pi  —  di) 

Redstance  to  tensioo  +  Bhear=    .-/',+  2(p,  —  dOfi 

Resistance  to  shear=8(^)/",+  (-^)/',=  -^- (8/,+  /'.) 

ReeistaDce  of  solid  plate  =  2pi(/i. 

Table  8S.    Steel  Pipe — Triple-riveted  Butt  Joints,  Longitudinal  Seam* 

(Alt  dimeoaioiu  tn  inch«) 

leheme  A — Joints  designed  to  give  maximum  efRciency  using  up  to  1  h-ut.  rivets 
and  conforming  to  good  practice 


^iiMne  B — Joints  designed  to  give  maximum  efficiency  u 
conforming  with  good  practice 


t    lA   31        <2i  ;>84    3.561231 

2.62  IS4.13 

A    lA    3i        <2i  !>84  l4.00'21  + 
I     2.75  84  :  ' 

I    JA    31  I     <2]  '>84  '4.09201 


..'.  ...I '....'6380 

243.581  6384     6384  ,905085.2% 

..'.... I ■, ..  .;7]8n 

214.00   7320     7190  809085.27, 


21:   214.10!  8160      7920  17890' 


1 8760 

I  23    223.82'  8880  I  8485  '847082.2% 
I  3 .  81    8875     8480  ;8480 

I  3 .  80    8870      8475  I8500' 


24  : 


.  9560 


).2% 


*I«nslb  e.  to  e.  ol  rlTeU  i  a  circular  b«i 
t  Thte  ta  M  toOon:  [Fa.  103) :  a  -  t  H 
.  far  4>  11  In.  t  .  i  iB.lor  d  >  It  in. 
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.    Steel  Pipe — Riveted  Joints,  Butt  Straps  for  Longitudiiud  ; 

using  1-in.  Rivets  Only  (li^  in.  di«m.  driven) 

Value  of  1  rivet  In  single  shear  -7980;  double  shear  - 14, 180 


a  inchH) 

1 

hi 

2^t 

*               Thiokaau  ol  tow  [d.tu  laquind 

To  tnimit 
■h«r  borne  bjr 

ByeoDditionUut 
ouur  <AptUihj 

Rr  eoudltibnthBt 
outar  <  I  pitafa: 

- 

InDtt 

Qatar 

Ion« 

Qatar 

I»n„ 

Outat 

{ 

3.68 
4.00 
4.00 
3.82 
a.GS 

0.27 
0  29 
0.31 
0.34 
0.37 

0.34 
0.37 
0.40 
0  44 
0.48 

0.36 
0.40 
0,41 
0  38 
0.36 

0.46 
0.61 
0,53 
0.49 
0.46 

0.45 
0.60 
0-51 
0.48 
0.45 

0.57 
0.64 
0.66 
0.61 
0.67 

' 

1  Take  )  in.  pIsM  with  one  repeatini  Hotion  ot  rivetioo. 
8Cr«M  ««rried  bf  outer  or  inner  cover  i>lata  ie  proportional  to 
hear  on  rireta,  ud  i«  m  tonom; 


Le  in  double  ihenr  at 
ite  in  dduhle  ibear  a1 


4.1B0 


>  38,300  Ibe. 

•  23,360  lb>.;l 


■hwr  at  TS80.     Total-  36,340. 

Total  ■«««  In  both  niatee  -  3S.340  +  38,360  -  04,700.    Portion  in  outer  niata  - 
04.700  -  0.438;  porlion  m  inner  plaU  -  30,340  +  64,700  11».  -  O.OOZ. 

L«»t  (trenilh  of  joint  (with  S.iS  in,  pitch)  -  0380  lbs.  per  in.     (Table  83). 
StroDCtb  for  lenith  of  one  rcpaating  section  -  2  X  3.5S  X  6380  -  46,700  lbs. 
laouter  ooverplatainlencthl  X  3.08  in.  -  7.16  in.,  there  is  7,10  in.  —  S.I3Sin.  -  S.< 
lencth.     Henoe  6.D3S  X  I  X  15,000  -  0.138  X  49,700  Ibe. 
t  .  0.37  in. 
tn  inoer  cover  pUta  S.03S  X  (  X  16,000  Iba.  -  0.M3  X  IS.TOO  Iba. 
t  -  0.34". 
}0  lbs.  per  in.:  |  in 


Fio.  163. — Junction  of  triple-riveted  butt  joint  (longitudinal  seam)  with  t 
riveted  lap  joint  (circular  aeam). 

(Catitilt  AquPduct) 
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Bending  Plate.  Good  practice  requires  plates  rolled  cold  to  true 
heating  or  hammering  being  allowed. 

Beveling  Edges  of  Plates.    Plates  are  often  cut  and  bevele 
operation  by  a  multiple  shearing  machine.    Edges  sometimes  are  b 
planing.    Many  persons  prefer  bevel  edges  on  all  plates  J  in.  or  m< 
to  facilitate  calking.    On  the  Catskill  aqueduct  it  was  required  that 
be  formed  at  45**  by  planing;  60°  is  sometimes  required.    If  a  ste< 
considered  laminated,  the  best  calking  should  be  done  with  bev 
planing  is  preferable  to  shearing,  which  is  liable  to  tear  the  fibers, 
one  large  manufacturer  prefers  square  edges  for  calking.    Split  call 
a  square-edged  plate  is  dangerous  as  a  split  may  reach  some  of 
holes. 

Diameter  of  Pipe.  With  alternate  inside  and  outside  courses,  di 
measured  to  inside  course.  Allow  A  in.  in  computed  diameter  f 
outer  course  over  inner;  rivets^will  take  it  up  when  joints  are  made. 

Size  of  Pipe.  Riveted  steel  pipes  30  in.  in  diam.  are  small 
workmanship,  although  they  have  been  riveted  in  field;  36-in.  pip 
easily  riveted,  and  is  ordinary  minimum.  Pipes  have  been  made  uj 
diam. 

LOCK-BAR  PIPE 

Lock-bar  pipe  is  in  use  on  30-in.  line,  Coolgardic,  Australia;  on  4 
Portland,  Ore.,  and  in  66-in.  Catskill  conduits,  Brooklyn,  in  Seattle  t 
other  pipe  lines.  Pressure-thickness-diameter  diagram  is  given  in 
Specification  for  lock-bars  at  Seattle:  ** Shall  be  a  steel  that  e 
has  shown  to  be  adapted  to  work  proposed ;  shall  be  equal  in  qualit 
specified  for  rivets  of  riveted  steel  pipe,  and  shall  be  subjected  to  sf 
It  shall  stand  cold  rolling  and  working." 

Fabrication.  Longitudinal  seams  are  formed  as  shown;  circu 
are  made  as  in  riveted  pipes;  joints  may  be  figured  for  90 
efficiency  (tests  by  Unwin  showed  100  per  cent.).  Longitudina! 
plate  of  lock-bar  pipe  should  be  upset  to  required  thickness  and  after 
have  been  rolled  to  true  circles,  the  lock-bars  should  be  closed  dowr 
upset  edges  by  a  hydraulic  jack  exerting  a  pressure  of  not  less  than 
Lock-bar  pipes  accepted  in  1911  for  6G-in.  pipes  in  Brooklyn  h 
A  in.  thick.  These  bars  were  of  "extra  dead  soft"  steel,  compositio 
not  over  0.1  per  cent.,  sulphur  not  over  0.05,  phosphorus  not  over 
per  0.18  to  0.25.  This  steel  proved  satisfactorj^;  the  pipe  maker  si 
best  metal  yet  used  in  lock-bars.  Later  the  steel  mills  and  pipe  ms 
tended  that  the  copper  had  been  of  quostioniible  benefit  if  not  dbje 
Careful  investigation  showed  no  advantage  in  annealing  the  bars  aft 
if  properly  handled  on  the  "hot  beds"  at  the  rolling  mill.  Anneali 
add  a  few  dollars  per  ton  to  the  price  of  bars.  After  a  bar  has  be 
the  space  between  the  upset  edge  of  the  plate  and  the  bottom  of  t 
in  the  bar  should  not  exceed  -i\  in.;  if  greater,  or  if  bar  shows  ar 
cracking,  it  should  be  cut  out  and  a  new  bar  substituted. 

Failure.     Under  16G-lb.  test  pressure,  a  52-in.  lock-bar  steel  pi 
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dikk,  bunt;  BtresB  in  steel  was  about  8800  lbs.  per  sq.  in.  Loclc-bar  broke 
tnuuversely  in  11  places,  8  to  15  in.  apart,  and  cracked  longitudinally. 
Metil  showed  crystallization.  Two  or  3  min.  after  break,  pipe  collapsed 
*t3  points  upeiream,  first  1700  ft.  away.    Here  9  pipes,  each  30  ft.  long,  took 


ii 


i'la.  164. — Pressure-thifkncss-diametrr  ilinfc'ain  for  lock-bar  and  iloublc- 

rivelt'd  steel  pipe. 

(CkuIoc  or  Eul  jEncy  Pipa  Corporolion,  N.  Y.  City.) 

Uu!  shape:  O  Pipe  was  not  backfilled;  two  concrete  anchors  on  either  side 
prevented  collapse  from  spreading.  At  two  points  about  1000  ft.  f.irthcr  up- 
rtrewn,  9-pipe  and  4-pipe  lengths,  respectively,  took  this  shape  U  iit  placea 
not  backfUled.  There  was  solid  backlilling  between  broakR.  Tlicae  breaks, 
due  to  faulty  metal  in  one  bar,  arc  not  an  argument 
ifunst  lock-bar  pipe.  Of  tens  of  thousands  of  bar^ 
rnade  in  V.  S.,  it  is  stated,  breaks  could  be  counted 
on  one's  fingers.     (E.  N.,  July  27,  1911.) 

Irucbbuig,  V«.,  30-in.  lock-bar  steel  pipe,  presaurew 
83  to  175  lbs.,  i  and  i  in.  thick.  Curves  wore  made  by 
■pecial  castings;  30-ft.  lengths  were  joined  in  the  trench 
'>y  cast-st«el  sleeves,  with  poured  and  calked  lead  joints. 
Manholes  were  provided  at  convenient  points  for  future 
interior  painting  and  at  bottoms  of  .steep  grades  fur  f 
•n  Case  laborers  should  slip  down  the  smooth  incliiii''<  Fio.  ICi.— Loc'k- 

^hich  could  not  be  rcclimbcd.     Pipe  is  anchored  to  con-    '"'.':  P.'P''-    bonni- 
ffete  pedestals  on  steep  grades.     At  small  stream  crinw- 
"■Rs  undermining  of  the  pipe  is  prevented  by  small  concrete  walls  parallel  to 
Uw  pipe  and  downstream  from  it.      (E.  R.,  Sept.  1,  1<.I06,  p.  ^28.) 
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STEEL  I^PE  DETAILS 

Plugs  and  Manholes.    For  passing  hot  rireta  into  pipe,  holes  are  midik  | 
plates  next  to  field  joints,  1}  in.  diam.for  }-in.  rivets,to2)  in.  for  li-in-rivett; 
these  holes  are  ultimately  tapped  and  closed  mth 
steam-fitters'  screw  plugs  with  tight-fitting  threadt; 
the  plugs  should  not  project  far  into  the  pipe. 
WroughtriroD  screw  plugs  used  in  rivet-pasflng 
holes  have  given  no  trouble,  beyond  a  httle  lok- 
age   easily   repaired  by  calking;  cast-iron  plup 
are  poor  practice.     Plugs  of  form  shown  in  Fig. 
166  were  used  on  Catskill  aqueduct  pipes, 
cause  of  slight  yield  in  compression  when  screwed 
in  and  action  of  water  pressure  when  in  8ervice> 
they  are  tighter.    Threads  inust  fit  tightly.    Soft  lead  grommets  or  washer^ 
are  sometimes  used  under  shoulders  of  plugs  and  sqlieeied  tightly  against  pip^ 
plat«.     Openings  ia  A-  and  J-in.  plates  should  be  reinforced  by  plates  rivete<^ 


iaamt  niqhtm  Arl^ian^t 
,     .,,.,.  erii^watttm-lm-lbfUfKtrHHti^r^. 

Fio.  167.— Manhole  comiections,  steel  pipe  siphons,  Catskill  aqueduct.* 
on,  or  in  other  approved  manner,  and  closed  by  threaded  plugs,  so  as  to  be 
water-tight.    At  a  manhole  put  a  thin  plate  between  the  casting  and  the  pipe, 
for  calking.    Manholes  on  Catskill  aqueduct  steel  pipe  siphons  are  cast  steel; 
specials  are  connected  by  cast-  or  forged-steel  flanges. 

*  For  liMi  ol  pipeg  common  in  watcrwoilUi  boilei  type*  of  muiholai  u«  unid.  ipkoad  1000  tU  ot 
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On  some  of  the  Catskill  aqueduct  work,  after  pickling,  whitewash  was  ap- 
plied to  protect  from  rust  between  fabrication  and  the  application  of  the 
mortar  lining.  Heavy  lime  whitewash  was  made  as  follows:  To  1  bbl.  (about 
50  gals.)  of  whitewash  there  were  added  20  lbs.  of  glue  first  dissolved  in  water. 
Later  it  was  found  advisable  to  add  1  lb.  Portland  cement  to  each  gal.  of  white- 
wash. Brushes  proved  more  satisfactory  than  spraying  machines  operated 
by  compressed  air.  This  coating  did  not  prevent  light  rust,  as  it  did  not  stay 
on  well  enough. 

Cleaning  and  Oiling.  In  some  shops,  plates,  as  received  from  the  rolling 
mill,  are  cleaned  with  dilute  acid  and  brushes  before  any  shop  work  is  done, 
and  cleaned  again  after  shop  work  and  given  a  coat  of  boiled  linseed  oil  before 
exposure  to  the  weather;  all  painting  is  then  done  in  the  field,  preferably  with 
graphite  paint.  Advantages  of  oil  are  that  aU  shop  and  erection  marks  made 
on  the  bare  steel  are  visible;  also  any  imperfections  in  the  plate  which  may 
have  passed  preliminary  inspection  may  be  detected  during  erection. 

Catskill  aqueduct  specifications  for  concrete  jacket  and  mortar  lining  had  the 
following  stipulations  as  to  preliminary  cleaning.  During  fabrication  into  pipe, 
all  plates,  at  each  joint  where  one  plate  covers  another,  shall  be  entirely  free  from 
mill-scale,  from  any  but  light  rust  and  all  dirt,  grease,  or  other  foreign  matter. 
Furthermore,  when  concrete  is  placed  around,  or  mortar  lining  placed  within,  any 
section  of  pipe,  surface  of  plate  shall  be  similarly  clean.  Degree  of  cleanliness 
and  freedom  from  scale  required  shall  be  such  as  produced  by  thorough  sand- 
blasting or  thorough  pickling,  i.e.,  such  that  surface  of  steel  itself  is  expoeed. 
Initial  cleaning  may  be  done  at  the  mill,  provided  the  steel  is  adequately  protected 
and  necessary  field  cleaning  is  done. 

Appl3ring  Coating.  Usual  method  of  coating  steel  pipe  is  dipping  in  a  hot 
bath  of  refined  asphalt  or  compound  containing  asphalt,  immediately  after  clean- 
ing, at  the  shop.  A  perfect,  homogeneous  coat  would  be  a  non-conductor; 
coats  generally  contain  minute  air  or  gas  bubbles,  and  during  handling  and 
transportation  abrasion  occurs;  also  the  coating  itself  may  not  be  impermeable 
under  high  pressure;  thus  water  finds  direct  contact  with  the  metal  and  elec- 
trolysis starts.  No  coating  has  proved  permanently  successful;  in  a  short 
time  elasticity  and  adhesion  are  lost.  In  Little  Falls,  N.  J.,  a  66-in.  steel  filter 
influent  pipe  had  i-in.  mortar  lining  (1  Portland  cement:  2  sand)  plastered 
over  several  coats  of  neat  Portland  cement  grout  on  an  asphalt  coating,  and 
after  5  years*  service  exhibited  no  cracks  nor  tendency  to  loosen,  and  no  rust 
had  appeared,  neither  was  the  elasticity  of  the  coating  lost,  although  sections 
of  the  pipe  not  so  treated  had  no  longer  any  elasticity  in  the  asphalt  coating 
and  rusting  had  extended  right  up  to  the  mortar.  Outside  of  pipe  should 
have  a  concrete  shell.  If  this  is  too  expensive,  a  coating  of  slaked  lime  has 
been  suggested  by  Dr.  A.  S.  Cushman  as  beneficial. 

There  is  no  shop  equipped  to  dip  pipe  over  8  ft.  diam.  Dipping  vertically 
in  a  tank  is  usually  much  more  effective  than  painting  with  brushes.  Before 
dipping,  pipes  are  brought  to  about  300°,  by  hot  blast  or  in  ovens.  Pipes 
should  l>e  revolved  in  the  dipping  tank,  and  great  care  exercised  to  avoid 
foaming,  os{K>cially  while  the  pipe  is  being  removed;  all  coating  material  should 
be  strained  through  20-mesh  sieve   before   entering  the   tank,  according  to 
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bars  are  removed,  allowed  to  drain  and  cool.  One  set  is  chilled  to  32^  F.  ai 
another  to  0**  F.,  ice  and  salt  being  used  if  convenient;  then  strike  as  heavy  blow  i 
possible  over  the  edge  of  an  anvil,  repeating  once  or  twice  on>each  side,  the  bio 
being  delivered  above  the  coating.  If  latter  does  not  chip,  blows  are  repeate 
upon  coated  section.  Firm,  tenacious  coating  will  not  chip  off  at  either  temperatun 
except  at  the  point  where  the  blow  is  delivered;  a  fair  coating  may  hold  at  freeiinj 
and  chip  slightly  at  zero,  while  a  poor  coating  will  be  likely  to  come  ofif  in  laifi 
scales  at  either  temperature. 

"  Elasticity  may  be  determined  by  strips  of  tin  plate  2  in.  wide  heated  to  coating 
temperature  and  dipped  in  hot  pitch.  After  setting,  the  strips  should  be  chilled 
to  same  temperatures  as  the  steel  bars,  and  bent  quickly  45°.  Tough,  elastio 
pitch  should  not  crack. 

Springfield  Pipe.  ''Coal-tar  pitch  of  standard  quality  mixed  with  3  per  cent 
raw  linseed  oil  was  adopted  for  60,000  ft.  of  42-in.  lock-bar  pipe,  Springfield,  Mass., 
by  Hazen  &  Whipple;  applied  to  30-ft.  lengths  by  East  Jersey  Pipe  Co.,  Paterson, 
N.  J.  Pitch  was  run  from  barrels  into  a  small  tank,  where  it  received  the  linseed  oil; 
it  was  then  drawn  into  a  vertical  dipping  tank,  and  kept  constantly  at  350**  F.  by 
steam  coils.  Pipes  were  first  cleaned  of  millnscale  by  wire  brushes,  a  most  important 
step,  as  rough  adhering  particles  cause  spreading  of  pitch  upon  draining,  resulting 
in  uneven  thickness  over  an  area  surrounding  each  particle.  Each  pipe  was  then 
placed  on  rollers  in  front  of  a  blast  and  heated  until  the  end  farthest  from  the  blast 
was  sizzling  hot;  the  end  nearest  the  blast  was  put  in  the  pitch  first,  compensating 
somewhat  for  the  slightly  lower  temperature  at  the  bottom  of  the  tank ;  top  and 
bottom  temperatures  were  kept  within  10®  or  12®  of  each  other.  Excess  coating 
was  drained  into  the  tank  and  the  pipe  then  stood  upright  on  an  iron  plate  until  the 
coating  was  thoroughly  set  and  nearly  cold.  Five  pipes  were  put  on  each  flat  car, 
blocked  up  free  of  the  floor  and  protected  one  from  another  by  canvas  strips.  With 
one  tank  and  two  hoists,  about  1500  ft.,  or  10  carloads,  could  be  coated  in  1  day. 
Freedom  from  troubles  during  coating  was  remarkable.  Constant  loss  of  volatile 
compounds  was  compensated  by  adding  tar  oil.  Fresh  pitch  and  linseed  oil  were 
added  as  the  bath  was  depleted.  At  one  time  after  the  addition  of  fresh  pitch, 
frothing  occurred ;  bubbles  so  formed  inclined  to  stick  to  the  pipe  and  cause  uneven 
coating ;  probably  due  to  moisture  in  the  pitch ;  it  was  overcome  by  the  addition  of 
a  little  linseed  oil."* 

Specifications  for  Coating.  ''After  testing  to  satisfaction  of  the  engineer, 
pipe  shall  be  thoroughly  dried  immediately,  then  cleaned,  and  heated  in  a  suitable 
oven  to  300**  F.,  after  which  it  is  to  be  thoroughly  coated  by  being  dipped  vertically 
in  bath  of asphalt,  manufactured  by- 


-,  or  such  other  material,  equally  good,  as  the  engineer  may  designate.  Thtf 
coating  shall  be  smooth  and  hard,  yet  tough,  elastic,  durable,  strongly  adhesive  to 
the  metal,  and  shall  be  free  from  blisters  and  bubbles.  Bath  shall  be  heated  in 
such  manner  as  to  insure  constant  and  even  temperature  of  300**  F.,  preferably  by 
steam.  Dip  shall  be  kept  free  from  sand,  grit  or  other  foreign  matter.  Contrsctoi 
shall,  as  often  as  necessary  in  opinion  of  the  engineer,  empty  the  tanks  and  refil 
with  clean  material."     (Metropolitan  Waterworks,  Boston.) 

"  Immediiitely  after  being  cleaned,  and  before  any  discoloration  due  to  nistiDj 
has  begun,  pipe  shall  be  carefully  inspected  and,  on  approval,  shall  be  coated  b; 
dipping  vertically  in  "Pioneer  Mineral  Rubber  Pipe  Coating"  or  "Sarco  Miner* 
Rubber  Pipe  Coating,"  at  400**  F.,  pipe  having  been  heated  to  same  temperatur* 

•From  "Pipe  Coating",  by  G.  C.  Whipple,  before  ChemiaU*  Club,  Polsrteohnic  Inititt»< 
Brooklyn,  1910. 
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pipe,  or  BO  that  the  burlap  will  be  lapped  on  itself  about  1  in.     For  2-coflt 
work,  the  process  may  be  repeated  immediately  or  travel  of  carriage  reduced 
to  Sj  in.    The  wrapping  shall  be  kept  back  far  enough  from  ends  of  pipe  to 
leave  rivet  holes  accessible  and  not  interfere  with  making  of  field  joints. 
Tension  of  burlap  for  winding  shall  be  sufficient  to  cause  the  burlap  to  lie  close 
and  snug  on  pipe,  but  not  enough  to  strain  or  tear  it.     End  to  end  connections  of 
strips  of  burlap  shall  be  made  by  sewing  with  strong  twine.     After  pipe  is  laid, 
riveted,  calked  and  tested,  field  joints  shall  be  wrapped  with  burlap  soaked  in 
field  coating,  using  one  layei'  or  two  layers,  according  as  work  is  done  under 
Item  —  or  Item  — .    Only  4,600  ft.  of  a  total,  29,000  ft.  were  so  covered. 

Coating  at  Field  Joints. — ^It  is  not  necessary  to  remove  coating,  except 
where  it  interferes  with  putting  pipes  together;  it  is  melted  by  hot  rivets  and 
helps  to  make  joint  tight;  it.  may  be  claimed  that  coating  prevents  sheets 
coming  into  actual  contact  and  therefore  weakens  joints  by  acting  as  lubricant, 
but  trouble  on  this  account  is  not  experienced  in  practice. 

Defects  in  Coating.  Observations  show  that,  at  first,  coatings  usually 
adhere  on  nearly  the  entire  surface.  Repeated  examinations  of  pipes  in  service 
have  shown  that  most,  if  not  all,  bituminous  coatings  deteriorate  greatly  in  a 
relatively  few  years.  Asphalt  coatings  seem  to  lose  elasticity  and  become 
brittle.  After  2  years'  service,  coatings,  particularly  those  that  go  on  heavily 
and  lack  tenacity,  form  blisters,  in  size  from  a  pinhead  to  a  hen's  egg,  holding 
alkaline  water  which  contains  more  solids  in  solution  than  the  water  passing 
through  the  pipe,  but  the  iron  or  steel  beneath  will  generally  be  bright,  and 
in  the  vicinity  will  be  found  tubercles.  Sometimes  pittings  occur  under  the 
tubercles;  after  10  years'  service,  have  been  found  0.093  in.  deep.  Danger  is 
that  a  blistered  coating  will  eventually  expose  a  large  surface  of  pipe.  Blisters 
can  be  produced  quickly  by  passing  a  current  of  low  voltage  through  sea  water, 
using  strips  of  sheet  iron  for  positive  electrodes  and  similar  coated  strips  for 
negative  electrodes,  with  edges  protected  by  paraffin;  12  to  24  hrs.  will  produce  ^ 
blisters  with  some  coatings.  Thickness  of  the  walls  of  large  blisters  is  about 
-^  in.;  they  are  easily  broken.  Blisters  generally  are  largest  on  the  lower 
quarter  of  a  pipe  and  decrease  in  size  and  number  toward  the  top.  Experience 
in  eastern  U.  S.  has  been  that  steel  pipes  coated  >\dth  any  asphalt  compound 
show  a  decided  reduction  in  carrying  capacity  after  a  few  years.  This  loss 
results  from:  (1)  Growth  of  vegetable  matter;  (2)  deposit  of  mineral  matter; 
(3)  formation  of  tubercles  of  rust;  (4)  formation  of  blisters  in  coating.  Ab^ 
(3)  and  (4)  experience  on  some  parts  of  the  Pacific  coast  has  been  different, 
pipes  of  considerable  age  having  developed  neither. 

Examination  of  a  large  number  of  preparations,  appl3ring  tests,  shotrtd 
that  asphalt  preparations  and  petroleum  products  do  not  adhere  dosdy  ^ 
steel;  petroleum  products  are  more  resistant  to  the  action  of  water,  but  no 
more  so  than  coal-tar,  which  has  the  advantage  of  being  tenacious  with  lc88 
tendency  to  blister,  especially  when  used  with  about  3  per  cent,  of  linseed  oil 

Bitimiastic  enamel,  sold  and  applied  only  by  Am.  Bitumastic  Enamels  Ca, 
Phila.  and  N.  Y.  (Hill,  Hubbell  &  Co.,  San  Fran.),  has  been  extensively  used 
since  about  1890  for  naval  and  merchant  vessels,  pontoon  docks,  oil-pipe  lin* 

•  At  Lawrence,  Mass.,  are  riveted  wrought-iron  pipes,  some  coated  with  coal-tar  pitch,  and  bob* 
with  red  lead,  in  good  condition  after  40  years. 
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(6)  Roebling  V-rib  metal  lath:  2.5  meshes  per  in.;  3  coats,  the  first  aj^ilied 
through  wire  mesh,  1 : 2  Portland  cement  mortar.  Same  trouble  was  experi- 
enced at  top  of  pipe  as  with  (a).  After  2  weeks,  57  lbs.  pressure  was  applied. 
Largest  crack  occurred  over  the  longitudinal  butt  joint.  Cost  about  14  ets. 
per  sq.  ft.  (a)  and  (&)  were  not  a  success;  it  was  shown  that  cut  metal  or 
wire  mesh,  even  though  placed  close  to  the  pipe,  was  only  in  the  way  and  did 
not  aid  the  mortar  at  the  top  in  sticking. 

(c)  T-bar  reinforcement  rings,  plain  mortar  lining.  (Leg  of  T's  touched 
shell  of  pipe.)     (cl)  L5  in.  mortar  lining  reinforced  by  {  in.  X  |  in.  X  i  in. 
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Fio.  168. — <)  to  11-ft.  st^el  pipe  siphons,  concrete  cradles,  Catskill  aqueduct. 

T's,  spaced  6  to  10  in.  centers.  (c2)  1.5  in.  mortar  lining  reinforced  by  }  in.  X 
\  in.  X  i  in.  T's,  spaced  8  to  yi  in.  centers.  (c3)  Plain  mortar  lining,  without 
reinforcement,  1^  in.  thick.  A  spatter  coat  of  1  :2  Portland  cement  mortar 
about  i  in.  thick  was  first  applied,  the  remainder  in  successive  J-in.  layers. 
Advantage  of  this  method  is  the  probability  of  the  non-existence  of  voids. 
After  10  days,  75  lbs.  pressure  was  applied.  At  68  lbs.  a  loud  report  indicated 
a  break  in  the  lining.  Several  fine  cracks  were  found,  two  extending  the  full 
length  of  the  pipe.  Cost,  16  cts.  per  sq.  ft.  for  (cl)  and  (c2);  9  cts.  for  (c3). 
The  (c)  tests  demonstrated  (1)  that  mortar  lining  could  be  built  inside  large 
pipes  at  reasonable  cost,  and  absolutely  solid  against  the  shdl;  (2)  that  there 
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full  pressure,  jacketed  with  concrete.  These  precautions  were  necessai 
variation  in  shape  would  crack  the  jacket;  pressure  was  maintained  unti 
jacket  had  hardened;  the  water  was  emptied  out,  the  pipe  cleaned  an 
lining  put  in.  The  lining  in  these  Catskill  aqueduct  pipes  consisted  of  1 
Portland  cement  and  2  sand,  approximately.  The  first  step  in  lining  in 
place  the  invert  about  8  ft.  wide,  screeded  to  template;  cylindrical 
forms  in  segments  were  then  set  up  and  the  remainder  of  the  lining  p 
as  a  thin  grout  or  mortar,  through  holes  in  the  top  of  the  pipe.  These 
were  tapped  for  2-in.  pipe  in  the  up-hill  end  of  each  15-ft.  length,  thi 
which  hot  rivets  were  passed,  and  later  mortar  poured.  Mortar,  or  groul 
mixed  to  a  thick  creamy  consistence  and  allowed  to  flow  into  place  as  imifc 
as  possible.  When  the  section  was  filled  to  the  top,  pouring  of  grout  cont 
until  grout  ran  from  the  air  inlet;  then  headers  of  steel  pipe  were  sci 
into  the  inlet  and  outlet  and  filled  with  grout  so  as  to  put  a  head  of  at 
4  ft.  on  the  highest  part  of  the  section;  the  headers  were  kept  filled  with 
until  the  grout  had  set;  the  pipes  were  then  removed,  and  the  holes 
water-tight  by  screw-plugs.  Some  fine  cracks  appeared  in  all  linings  d 
the  first  winter,  pipes  being  empty;  this  was  not  a  cause  for  apprehei 
One  siphon  was  lined  with  a  cement  gun  (see  E.  R.,  July  1, 1911);  this  1 
was  built  up  in  successive  layers  and  finished  with  a  trowel  to  a  very  sd 
surface.    After  5  years,  linings  are  in  excellent  condition. 

Adhesion  of  mortar  lining  and  concrete  jacket  was  not  absolute  e 
where  as  was  proved  by  sounding,  but  the  separation  was  very  slight « 
termined  by  cutting  into  selected  hollow-sounding  places.  Some  crack 
separations  had  been  predicted  and  probable  results  investigated  at  the  la 
tory  before  the  contracts  were  prepared.  In  one  test  six  steel  plates  8  X  1 
12  gage,  were  pickled,  then  rubbed  with  emery  cloth  and  placed  horizoi 
in  a  tank,  separated  from  the  bottom  of  the  tank  by  alberene  stone  b 
and  from  each  other  by  wood  strips.  First  pair  was  without  protective  c 
ing;  second  pair  had  upper  surfaces  protected  by  2J-in.  mortar  slabs  sepa 
from  the  plates  by  0.04-in.  metal  strips;  third  pair  was  protected  by 
mortar  slabs  cast  directly  on  the  steel  and  apparently  adhering  firmly.  ' 
was  filled  with  Croton  water  4  in.  above  the  top  slab  and  renewed 
monthly.  After  2  yrs.  the  first  pair  showed  heavy  corrosion;  second, 
slight  corrosion,  most  of  which  washed  off;  third,  part  of  siirface  was 
and  wet,  the  remainder  dry  and  covered  with  firmly  adhering  partial 
mortar,  no  rust  being  found  when  the  mortar  was  broken  off.  In  an 
test  four  concrete  slabs  15^  in.  diam.,  3  in.  thick,  were  made  of  a  rathe 
mix,  1  part  of  cement,  2.7  gneiss  screenings,  6.3  crushed  gneiss,  by  w( 
4  soft  steel  rods,  i  in.  diam.,  3  in.  apart,  were  placed  in  the  middle  of  each 
so  that  there  were  at  least  1§  in.  of  concrete  in  all  directions  around  eacl 
When  set,  2  slabs  were  immersed  in  water  in  tanks  2  ft.  deep;  2  had  bottoi 
galvanized  iron  cylinders,  15}  in.  diam.,  cemented  to  them  and  water  i 
tained  20  in.  deep.  Latter  slabs,  submitted  to  percolation,  leaked  free 
first,  but  became  gradually  tighter;  during  the  last  few  months  there 
little  leakage.  Tests  were  made  in  open  air,  July,  1907  to  Mar.,  1901 
months.     Slabs  were  broken  and  all  rods  found  perfectly  free  from  corn 
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each  other  at  cb;  when  the  holes  are  cut  out  for  the  rivets,  the  plates  wil 
back  from  the  lap,  thus  not  we^^kening  the  joint.  When  the  holes  come  b 
so  that  slight  drifting  will  not  remedy  them,  the  joint  should  be  fitted  b 
the  rivet  gang  starts  on  the  seam.  In  Fig.  170  the  part  mnop  should  be  go 
out,  reamed  or  drilled,  as  determined  by  the  inspector.  On  no  condi 
except  when  rivets  are  driven  from  inside  of  pipe,  (as  in  the  bottom)  st 
the  part  efgh  be  cut  out,  for  if  it  is,  the  rivet  head  will  not  cover  the 
It  may  become  necessary  to  drill  an  entire  new  set  of  holes;  the  inner  w 
should  be  pushed  well  into  the  outer  course  and  drilled  from  inside.  All  1 
should  be  removed  from  holes  by  a  countersink  or  burr  reamer.  Cir 
seams  should  be  well  bolted  before  leaving,  using  bolts  of  same  diamet 
-  the  rivets,  spaced  not  exceeding  six  holes  apart.  In  no  case  should  drift 
be  allowed  ta  remain  in  holes  in  place  of  bolts. 

Field  Riveting.  As  many  rivets  as  possible  should  be  driven  from  out 
using  a  snap  to  form  the  heads.  These  can  be  driven  to  the  points  v 
radial  lines  make  an  angle  of  45°  from  the  bottom  with  the  vertical, 
methods  may  be  employed:  cither  to  use  a  snap,  or  to  make  a  hanmiered  1 
as  in  boiler  riveting.  Riveters,  especially  boiler  riveters,  prefer  a  hamn 
head,  as  they  say  it  insures  greater  tightness.  This  may  or  may  not  be 
It  is  true  in  case  holes  come  blind  and  have  to  be  cut  out,  as  then  a  hamn 
head  entirely  covers  the  hole,  whereas  a  snap  head  may  not.  It  is  easi 
make  a  hammered  head  than  a  snap  head,  as  a  snap  has  to  be  struck  "^ 
heavy  sledge  and  room  inside  the  pipe  is  necessarily  limited.  All  seams  d 
on  the  bank  should  have  snap  heads,  as  the  joint  is  accessible  all  aroun 
rolling  the  pipe  over.  Plates  should  lie  in  close  contact  at  both  calking  e 
If  not  well  laid  up,  sufficient  rivets  should  be  cut  out,  the  plates  hammered 
and  new  rivets  driven.  After  a  seam  is  driven,  all  rivets  should  be  car€ 
inspected.  Any  rivets  with  defective  heads  should  be  cut  out.  All  r 
should  be  tapped  with  a  light  hammer,  at  same  time  holding  a  finger  ag 
the  rivet  head.  A  loose  rivet  is  thereby  at  once  detected.  Loose  rivets 
those  that  jar  at  all  should  he  cut  out  and  new  rivets  driven.  Do  not  all 
loose  rivet  to  be  calkixi.  When  rivets  are  cut  out,  it  is  likely  that  rivets 
hv  mav  be  loosomHl,  and  if  anv  are  found  these  should  be  cut  out  also.  S 
times  the  head  of  the  last  rivet  in  a  longitudinal  seam  may  lap  over  the 
of  the  plate.  This  should  not  be  allowed,  as  the  head  will  not  lie  in 
contact  and  a  leaky  rivet  might  result;  the  plate  should  be  chipped  b 
driving  the  rivet.  Or  the  plat«  may  lap  over  a  rivet  head;  this  is  wors 
poor  calking  would  follow.  Chip  the  plate  here  too,  so  that  it  will  lie  in 
contact  with  the  plate  in  the  other  course.  When  holes  come  so  blind 
hammereil  heads  will  not  ci^ver  the  holes  entirely,  burrs  should  be  di 
into  that  part  of  the  hole  not  filleil  by  the  shank  of  the  rivet,  and  a  perf 
tight  job  will  n^ult. 

Field  CaUdng.     Wherever  ix>ssible,  fieUl  calking  should  be  done  by  mac 
l^^fore  striking  with  a  calking  ttH>l,  the  plates  should  lie  in  close  contact  a 
l>evoU\l  evige.     The  soain  is  first  gone  over  with  round-nosed  fuller  tool; 
this  a  half-round  fuller  tix>l  is  iuhhI  to  finish  off.     To  make  a  fine  appeal 
a  cold  chisel  mav  then  bt*  used  to  cut  off  the  thin  scale  of  metal  made  b; 
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to  the  iHpe  with  the  heads  in  the  row  farther  from  Vaa  end  of  the  pipe  enu 
sunk  on  both  ndee  and  the  end  row  oountereunk  on  the  inaide  only,  thebn 
heade  fumiahing  a  grip  for  the  lead.     Depth  of  bdla  for  such  conned 


Cost  fl*ff\ 


Conneotion  of  iteel  piiM  to  valves- or  Anohorage  of  steel  pipe  [a  earth, 

cast-iron  pipe. 

Fig.  172. 

should  be  fl  or  7  in.,  but  6i  in.  may  suffice  for  small  pipes.  Lead  joints  of 
and-spigot  type  should  be  used  for  connecting  steel  pipes  to  valves,  Ve 
meters  and  similar  f!Mt'"g»  wherever  contraction  of  the  pipes  would  othei 
break  the  castings.    For  flange  coutections  to  soecials  and  valves  in  a 

0«pth  of  Cur,    fr. 


i 


Earttiwork,  Oi-ydt-pBr  Lin. in 

Pia.  173. — Uncovered  steel  pipe,  in  compact  earth.     Earthworic  quantitie 

pipe-line  use  rolled,  cast  or  foiled  steel  flanges— not  cast  iron.  Steel 
should  be  anchored  against  temperature  movements.  Never  leave  a 
length  uncovered  in  winter  between  two  lengths  anchored,  or  the  rivets  ir 
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circular  Beams  of  the  expoaed  portion  will  be  subjected  to  shear  by  temperature 
changes. 

Earthwork.  One  foot  each  side  of  the  pipe  is  sufficient  width  of  trenoh  in 
earth,  whether  sheeted  or  not,  for  riveting  pipe.  For  bell  holes,  li  ft.  aroimd 
the  pipe  and  6  ft.  long  is  sufficient;  this  can  be  reduced  to  I  ft.  on  sides  where 
sheeting  is  necessary.  Weston  aqueduct  inverted  siphons;  Cover  of  2ft., 
except  one  stretch,  2.6  ft.;  top  width,  where  embanked,  10  ft.  minimum; 

Depth  of  Cut,  fr. 


Excavation  and  Refill,  Cu.Yds. 
Fifl.  174. —Uncovered  steel  pipe,  in  loose  earth.     Earthwork  quantities. 

slopes,  li  to  1.  Jersey  City  conduit:  Cover,  3.0  ft.  Ogden,  Utah,  Pioneer 
powerplant:  Cover,  3  ft,  72  in.  Brooklyn  pipe:  Cover,  3ft.  Catskill aque- 
duct, 9-ft.  to  11-ft.  diam.  (in  country)  r  3-ft.  cover;  66-in.  mains  (in  city  streets) : 
4-ft.  cover. 

Bieclion  fai  Place.  Many  penstocks  and  some  water-supply  pipes  have 
beea  built  up,  plate  by  plate,  in  place.  Hates  are  bent  to  shape  and  punched 
ID  the  shop  and  shipped  nested;  this  involves  two  longitudinal  seams.  Some 
makem  pnler  this  procedure  for  diameters  above  8  ft.,  and  claim  economy  for 
it;  18-fb.  penstocks  for  Ontario  Power  Co.,  Niagara  Falls,  were  built  in  place 
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from  i-in.  pl&tee  shipped  flat,  the  aver^^  speed  beii^  48  Un.  ft.  per  day  (S  -  S. 
Oct.,  1904,  pp.  462,  504).    Freight  is  cheaper  for  plates  than  for  pipes. 

Alinement  of  Sted  Pipes.    Radii  and  spacing  of  curves  should  be  seleot«4 
if  practicable,  so  that  full  plates  will  come  between  an^e  points.    It  is  adn>- 

Total  Refill,  Cu.yds.  per  ft-. 
2345  6789  lO 

Rock  CKCavation ,  Gj.ydi,  per  %. 


-9.9 

•6- 


Earth  Reffr^Cu.ydi.gnd  FockReffll.Cu.yds, 

3  4  5  6 

Depth  of  Cut,  ft-. 

Fiu.   175. — Uncovered  Btcel  pipe,  in  earth  and  rock.     Excavation  and  refill  j 

linear  foot. 

able  to  have  a  uniform  bevel,  equal  on  adjacent  plates,  not  exceeding  2°  '. 
per  plate,  or  5°  per  joint,  when  ahaped  into  pipe. 

To  find  Radius  of  Curve  m  One  Platie.  With  equal  angles  at  all  angle  poin 
the  center  line  of  the  pipe  lies  entirely  outside  the  theoretical  curve,  touohi 
it  only  at  the  mid-points  between  angles;  also  the  point  of  the  first  angle  a 
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punt  <tf  bepwiing  of  the  theoretical  curve  &re  not  coincident.*  This  must 
aken  into  account  both  in  designing  and  locating  curves,  ordinary  railroad 
e  formula;  not  applying  without  modification.  It  I  =  distance  in  feet  be- 
n  angle  points;  T  "  distance  in  feet  from  intersection  of  tangents  to  first 
i  point;  /  =  total  angle  of  deflection;  a  —  angle  of  deflection  at  each  pomt; 
radius  of  theoretical  curve;  R  "  ^  cot  i  a;  T  =  R  tan  !  '  ~  2  ~ 
§atanj/-|- 

Concrete  Boctiiflg  ,    Cu.ydv  ptrf^ot- 

1.00  LSO    -  tl»  S.SO 

Mortor  Lining  Si'thick,  sq.ft.  per  fort 


Eicotfofion  and  Refiir,  Co.vdi.  pirfoot 

S  b  7  a 

Depth  of  Cur,  feet. 

76. — Concrete-covered  atcel  pipe,  in  compact  earth.     Earthwork,  concrete 
and  niortlkr  lining  quantities. 

(  particular  advantage  accrues  from  having  a  standard  radius.  Estimate 
I  and  similar  special  work  at  about  \  more  per  foot  than  straight  pipe,  for 
st  of  making.  On  long  lines  it  is  customary  to  a-ssume  5  per  cent,  of  the 
.  as  curves.  Wherever  possible,  use  full-length  plates.  Beveling  both  ends 
h  Bhect  gives  a  short  radius.  Suchashort  radius  makes  work  a  little  more 
.It  and  interferes  with  dipping.  Wherever  practicable  some  prefer  a  ra- 
bat  will  not  require  more  than  one  bevel  on  every  second  sheet ;  with  sheets 

K.  IW.  p.  397. 
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7)  ft.  long  between  ciroular  aeajos  this  approxiinatee  a  20°  railroMl  eorvA 
about  280  ft.  radius.  If  full-size  plates  are  used,  curves  do  not  add  greater  C 
the  coet;  curvature  requiring  special  idatAS  adds  to  the  wastage  and  thereby  to 
the  cost. 

The  minimum  practicable  radius  would  correspond  to  2°  30*  off  each  end  rf 
each  course,  and  12  in.  between  rivet  pitch  lines  on  the  shortest  side. 

Ctaves  in  Two  Planes.  If  a  detour  is  required  to  pass  beneath  a  sewer,  at 
other  obatBcle,  at  a  given  point,  use  a  combination  of  simple  curves.    Aasiime 

Depthof  Cut,  -ft-. 
S.5  M  6.5  7.0  7.S  e.O  1.5 

Cancrdc  Backing,   Cu.  yda. 
IJIO  1.50  2.00  2.S0 

Mortar  lining,  sq.fr. 


Eneavatioo  and  Refill,  Cu.yds. 
FiQ,    177. — ('unrrel«-ci>vered   steel   pipe,  in   loose   earth.     Earthwork,   roncrete 
and  mortar  lining  qiiantitieB. 

point  S  depressed  7  ft.  {See  Fig.  181.)  Lay  curve  1  on  the  regular  grade; 
twist  curve  2  on  the  tangent  of  its  axis,  at  A,  the  point  of  beginning  of  our\-e,  so 
that  its  end  B  drops  half  the  vertical  distance  required;  twist  curve  3  an  equal 
amount  in  the  opposite  direction  so  as  to  be  tangent  to  curve  2a.tB  and  b&ve 
the  tangent  at  S  horizontal.  Lay  4  like  3,  5  like  2,  and  6  like  1.  Computation 
of  curves  1  and  6:  Total  given  or  assumed  angle  =  44°;  make  a  =  i"  {atB 
angle  between  adjoining  beveled  sheets);  first  and  last  angles  =  Jo.  Assume 
7-f  t.  sheets,  48-iD.  pipe,  radius  R  «  94.59  ft.,  using  full  sheets  and  no  unbeveled 
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-aight  sheets  between  angle  pointe.  Make  curves  2,  3,  4,  6  of  same  radiua 
.d  in  same  maimer,  i.e.,  aa  chords  to  the  theoretical  curve.  Fig.  181  gives 
e  elements  of  one  curve.  Following  assumptions  were  made:  /  shouldbe 
!nultipIeof4"0';B-  22°0'or2B=  WO';R  =  94.59ft.;i  =  3.44ft.  A 
{id  solution  is  complicated,  and  so  successive  approximations  maybe  made. 
/  —  24°,  r  =  R  tan  i  /  =  20.11  ft.;  6  =  VT*  -  x*  -  19.81  ft.;  e-T 

Concrclv   Backing.   Cu   yd&. 


tKCOvotion  and  Refill,  Cg.yda 

17S-— Concret^KJOvered  steel  pipe,  in  rock.    Rock  excavatioo,  refill,  < 
Crete  and  mortar  lining  quantities. 


/  —  18.37  ft.,  and  cos  B  =  ^;  B  =  21°  59'  41";  2B  - 
.  p.  397.) 

SPIRAL  RIVETED  PIPE 


Advantages. — Ptrtents  of  Abendroth  and  Stein,  of  New  York,  expired 
;ver^  years  ago.  Pipes  of  No.  16  galvanized  steel  have  been  in  use  in  small 
ater  systems  since  1904.  In  San  Gabriel,  California,  pipes  under  35  lbs. 
ressuie  have  given  no  trouble.  Said  to  be  25  per  cent,  cheaper  than  cast 
on  for  eises  under  10  in.,  and  36  per  cent,  for  12  to  20  in.    Lexingtoa,  Mo., 
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Fig.  182. — Spiral  riveted  pipe  specials. 

(American  Spiral  Pipe  Works.) 
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Table  64.    Spiral  Riveted  PreBsnre  Pipe 

(AmetiUD  apirij  Pipe  W«1u) 


A  BtAOdJinl  thkkDHa  for  ipiHl  riveted  pipe. 

e  I>ouble  ntn  heavy. 

DPorkiac  pnaaart  ■hould  oot  be  more  than  25  per  ceot,  ot  ult 
«.,  (aetorof  «»fotTihouldbe*nh«iinorklinpre»ufei«pfaotica 
r  wher*  th«r«  i*  prab«UUt]r  ol  Mt«r-h>niiner.  iarinr  ufety  fad 
f  orniafaed  in  anr  lansthi  np  to  20  ft.,  and  aiplulted  pipe  up  U 
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helical  shape  with  one  edge  overlapping  the  other  for  riveting;  the  sheet  ii 
drawn  and  formed  in  such  manner  that  metal  to  metal  contact  in  spiral  seam 
is  obtained,  stretching  steel  on  outer  lap,  slightly  offset,  in  order  that  pipte  may 
be  more  nearly  smooth  on  inside.  Riveting  is  done  cold  by  compression,  not  by 
hammering,  thus  insuring  complete  filling  of  holes  with  slight  coiintersinL 
Pipe  comes  from  machines  in  a  continuous  piece,  and  b  cut  to  any  desired 
length. 


Slip     (Joini*. 


Bolted       Joini- 


Fig.  183. 


Slip  joint,  see  Fig.  183,  is  used  largely  for  medium  and  low-pressure  work; 
the  sleeve,  which  is  attached  to  one  end  of  pipe,  is  wrapped  with  burlap  or 
canvas  soaked  in  red  lead  or  liquid  asphaltum,  then  driven  into  the  adjoining 
pipe;  the  lugs  are  then  connected  by  wire  in  order  to  hold  the  pipe  securely. 

Flanges.  American  Spiral  Pipe  Works  make  forged  steel  flanges  attached 
rigidly  to  the  pipe  by  use  of  power  riveters,  making  absolutely  tight  joints; 
also  make  forged  steel  bolted  joints,  tight  under  pressure,  which  allow  slight 
deflection  without  leakage,  so  as  to  conform  to  the  grade  line.     (See  Fig.  183.) 

Lap  joints  using  extra  heavy  high-hub  flanges  have  met  with  favor  for  high- 
pressure  work;  extensively  used  in  large  power  houses;  made  by  heating  end  of 
pipe  and  turning  it  over  the  flange,  then  facing  end  of  pipe;  no  possible  place 
for  leakage,  except  through  ga.sket;  flange  is  loose  and  can  be  turned  to  any 
position  for  alinemcnt  of  bolts.  This  joint,  with  slight  modifications,  is 
known  under  various  trade  names:  Van  Stone,  Kellog  Improved,  Atwood, 
Cranolap,  Walmanco,  Pittsburgh,  Mitchell  Recessed  Lap,  Climax  Rolled,  and 
Whitlock  Patented  Joint. 

Shrunk  and  peened  joint  (Fig.  185),  also  satisfactory,  is  made  by  boring 
the  flange  a  little  smaller  than  outside  of  pipe  and  then  shrinking  the  flange 
on  while  hot ;  end  of  pipe  is  usually  peened  into  flange  by  hand  hammer  or 
expanding  machine.     Some  engineers  require  large  sizes  riveted,  in  addition  to 
peening.     There  is  considerable  strain  put  upon  the  flange  by  the  shrinking 
and  any  other  than  forged  steel  flanges  are  unsafe.     This  joint  is  also  standard 
for  U.  S.  Navy. 
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t-X-»*-K-* 


k-A-^r-A-H 


fU 


u 


K-A-^k-A-^ 


A 

J. 


a.  184.— Flanged  fittings  for  pipes  (Table  85).    See  also  Table  100,  p.  382. 

Table  85.    Flanged  Fittings  for  Pipes* 

(DimenBions  in  inches) 


Diam. 


® 

3 
4 
5 
6 
7 

8 

0 

10 

11 

12 

13 
14 
15 
16 
18 

20 
22 
24 
26 

28 

30 
32 
34 
36 
40 


Center  to  face 
A 


^Center  to  face 
C 


Center  to  face 
D 


Center  to  face 
E 


Face  to  face 
L 


31 
41 

51 
6i 
7i 

8i 
9i 

101 

11 

12i 

13 
14 
15 
16 
16i 

18 
20 
22 
23 
24 

25 
26 
27 
28 
30 


® 
2J 

!{• 

3! 

4i 
41 

It 

6A 

5J 
6 

t}* 

10 
11 
13 
14 

15 
16 
17 
18 
20 


® 
9 
11 
12 
13} 
15 

17 

18} 

21 

22) 

24 

26 

27 

29} 

31} 

35 

38} 

41 

44 


® 
2} 
2i 
3 

3i 
4} 

5 

51 

5} 

5} 

6 

6} 
6} 
6i 

7 

7} 

8 

9 

10 


® 


)enter  to  faoe  dimenaiona  on  other  specials:  On  reducing  outlets  to  tcra,  croesrs  and  Y's — no 
ife;  on  increasing  outlet  to  tees — same  as  respective  staifdards;  on  increasing  outlets  to  crosses 
tcrmined  by  standard  of  largest  opening. 
Spiral  Pipe  Standard.     For  1914  standard  of  National  Ass'n.  Master  Steam  &  Hot  Water 

srSt  see  pp.  382.  383.  ...  ,  •       •  /       n^      v    i  t^      «  « 

Yade  namea  of  fittings  m  Fig.  184,  reading  in  normal  order,  are  J  l>end  (or  elbow),  \  bend  (or 
ir),  tee,  reducing  tec,  cross,  reducing  cross,  Y-branch,  reducer  (or  increaaer). 
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Fin.  185.— Shrink  flange  (Table 


TaUe  86.    Staodu-d  (A.  S.  H.  B.)  Shrink  FUngeB,  Forged  uid  RoUed  Steel 

(Dimeuloai  in  inchca) 


<le  to  comply  wjtta  A.  8.  M.  E.  atandud  [or  cut-iroD  flutH. 
«n-hcarth  Bleel.  and  may  be  Klirunk  and  p«iwd  on  heavy  pin 

d  to  above  ilini«naioiui  pirrpl  nllovaoce  oD  ?■«  lor  GnLiiiiu 
mericsn  Spiral  Kpe  Work»  ) 


Table  86a.- 

Eitra  Heavy  High  Hub  Flanges,  Forged  and  RoUed 

Steel 

(Dim 

"""*"  '° 

ncb«) 

•|'=- 

Thicfc- 

Depth 

1     DU... 

No.  M 

Site   of 

sue                    ^ 

Ih.II 

8           1      12) 

;' 

'    . 

3 

3 

If 

!     |9 

1      ,1 

1      121 

i 

1       ^ 

^1 

i 

'     13 

■      151 

171 

20         1     2i.t 

'  li 

11 

1        41 

li 

SI 

,      16    , 
1      22 

1 

1 

ThirkDou  may  be  incrcuwd  I 


>t  thRadinc,  sa  bon  ia 
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Pro.  186.— Flange  for  riveted  steel  pipe  (Table  87). 

Table  87.    Flanges  for  Riveted  Pipe 
Forged  Steel. — A.  S.  M.  £.  Standard  Diameter  and  Drilling 

(Dimensions  in  inches) 


Mominal 

mae. 

in. 

4 
5 
6 

7 
8 
9 

10 
12 

14 

16 
18 
20 

22 
24 


Outside 

diam. 

A 


© 

9 
10 
11 

m 
m 

15 

16 
19 
21 

23  i 

25 

27i 

29  i 
32 


Actual 

bore 

B 

6A 

ttA 
7A 

If 

101 
12i 

Hi 

16i 

18A 

20A 


Thick- 
ness 
C 


Depth 

of  bub 

D 


Diam. 

of  hub 

E 


© 

A 

r 


® 

IH 

IH 

li 

U 

2 

2i 

2i 
2i 

3i 

3i 
31 


® 

6i 
61 

7J 
8i 

15A 

17 

19A 
21A 

23  A 
25  A 


© 

© 

8 

f 

8 

8 

! 

8 

* 
1 

8 

J 

12 

* 

12 

J 

12 

I 

12 

1 

16 
16 
20 

20 
20 


1 

H 
U 

li 
U 


27  i 
29) 


Larger  sixes  can  be  furnished  on  special  order.  When  quotations  are  wanted  on  flanges  with 
Mies  in  hub  for  rivets  slate  siie  and  spacing.  Flanges  are  smooth  forged  to  above  dimensions; 
ibipped  plain  without  holes  unless  ordered  otherwise. 

Riveted  Pipe  Mprs'  Standard 


Nominal 

•iie, 

in. 

Outside 

diam. 

A 

Actual 

bore 

B 

Thick- 

neaa 

C 

Depth 

of  hub 

D 

Diam 

of  hub 

E 

No.  of 
bolts 

Siie  of 
bolts 

® 

Diam. 

bolt 

circle 

© 

© 

® 

® 

® 

® 

© 

® 

3 

6 

3A 

A 

1 
1 

3A 

4 

s 

4 

4 

7 

4A 

A 

4A 

8 

in 

5 

8 

5A 

A 

1} 

5A 

8 

A 

6 

9 

6A 

1} 

6A 

8 

1 

71 

7 

10 

7A 

If 

It 

8 

1 

9 

8 

11 

8A 

li 

8 

10 

9 

13 

9} 

u 

9H 

8 

1 

Hi 

10 

14 

lOi 

u 

10} 

8 

1 

12i 

11 

15 

m 

A 

IJ 

11} 

12 

1 

131 

12 

16 

12i 

A 

li 

12} 

12 

1 

141 

13 

17 

131 

A 

2 

13} 

12 

1 

15i 

14 

18 

Hi 

A 

2 

14} 

12 

1 

16i 

15 

19 

15} 

1* 

2 

15} 

12 

1 

17A 
19} 

16 

21} 

16i 

2i 

16} 

12 

1 

18 

23} 

ISA 

f 

2i 

18i 

16 

f 

21i 

20 

25i 

20A 
22  i 

1 

2i 

201 

16 

i     ■ 

23} 

22 

28} 

21 

23 

16 

1 

26 

24 

30 

241 

21 

25 

16 

1 

27} 

FlaaffBt  Are  smooih  forged  to  above  dimensions;  carried  in  stock  with  and  without  bolt  holes. 
0  flaatet  shipped  plain  unless  otherwise  ordered.  Above  standard  adopted  by  leading  manu- 
§iiann  of  liwtMl  liotl  pipe.    (American  Spiral  Pipe  Works.) 
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Fio.   187.— Standard  companion  flanges  (Table  88}. 
Tmble  M.    SbuuUrd  Companion  Flanges,  ForB«4  utd  Soiled  Steel 


I'd  fittmss.     Tticy  an-  su 


ly  atroorfor  hich  piwura  aad  m  maMt 
Hk«r  IB  proparvd  to  f  umuh  tli«a«  fiuiia 

lucd.  ilnllEd  HJid  thrCHdrd,  vvvry  threiul«l  flanzc  iKini  t«wd  witli  Ain'i  BUndmrd  pia*  to  iml 

perfect  fil  ol  thread.     (Ameriuo  Spiral  Pipe  n'arlu.) 

Galvanized  Iron  Pipe*  Ehall  be  Btandard  eize,  guaranteed  wrought-iroa 
pipe,  galvanized,  full  weight,  equivalent  to  pipe  manufactured  by  A.  M. 
Byera  &  Go.,  Pitt!>burgli.  All  pipe  above  1}  in.  internal  diam.  shall  be  Up 
welded.  All  pipe  le^s  than  and  including  1^  in.  inside  diara.  may  be  butt 
welded.     Weights  shall  not  vary  more  than  5  per  cent,  from  following; 


I    Wditat  per  loot.  lb.    l|        ln>'ide(bsm.,ia.  Weieht  pn-  foot.  lb. 


Connections  shall  be  made  to  main  pipe  by  means  of  standard  water-pipe 
clamp  with  threaded  outlet.  When  possible  connections  shall  be  made  to 
main  line  at  a  tai»pecl  plug.  Alt  threads  of  screw  connections  shall  be  un- 
broken and  cut  full  depth,  and  l)eforc  connections  are  made,  well  covend 
with  steamfitter's  cement.  The  pipe  shall  be  laid  with  a  cover  of  not  lea 
than  2  ft.  and  tested  by  hydrostatic  pressure  to  300  lb.  per  sq.  in. 
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FiQ.  188.— Tank  flange  (Table  89). 


Table  89.    Forged  Steel  Tank  Flanges 

Dimensions  in  inches 
Standard    tank   flanges   are   made   to   meet   a   need  for  flanges  lighter  than  the  standard  boiler 
flanges,  and  are  especially  suited  to  thin  plate  work,  as  they  are  readily  drawn  into  place. 


Nominal  sixe,  in. 


1 

u 
u 

2 
2§ 

3 

3J 

4 

41 

5 

6 


Outside 
diara. 


5 

5i 

6 

61 

7i 

8 

8J 

9i 

10 

11 

12 


Thickness 


t 

i 
i 
ft 


ft 

f 

i 
i 


Depth  of  hub 


1 


! 


U 
It 
lA 
li 

It 


Diam.  of 
hub 


IJ 

2ft 

2ft 

3ft 

3ft 

4ft 

=f 

6ft 
7H 


Threaded  with  standard  taper  thread.  Following  are  smallest  circles  to  which  tank  flanges  are 
bent:  lin.,  li-in.*  1^-in..  18-in.  circle.  2-in.,  2i-in.,  3-in-,  30-in.  circle.  3i-in.,  4-in.,  Ak-in.,  6-in. 
^in.,  48-iji.  drde.    Am.  Spiral  Pipe  Works. 


Table  90.     Steel  or  Wrought-iron  Pipe,  Standard  Dimensions  and  Weights 

See  also  page  346. 


^.T               -  - 

Length  off 

Length t 

nnl  in- 
mdm 

Actual* 

inside 

diam.. 

Actual 
outside 
diam.. 

Nominal 
thick- 

Internal 
circumfer- 

• 

External 
circumfer- 

• 

pipe  per 

sq.  ft.  of 

inside 

of  pipe 
per  sq.  ft. 
of  outside 

diam.. 

in. 

in. 

ness,  in. 

encc,  m. 

ence,  m. 

surface. 

surface. 

in. 

ft. 

ft. 

i 

0.270 

0.405 

0.068 

0.848 

1.272 

14.15 

9.44 

i 

0.364 

0.54 

0.088 

1.144 

1.696 

10.50 

7.075 

i 

0.494 

0.675 

0.091 

1.552 

2.121 

7.67 

5.657 

i 

0.623 

0.84 

0.109 

1.957 

2.652 

6.13 

4.502 

i 

0.824 

1.05 

0.113 

2.589 

3.299 

4.635 

3.637 

1 

1.048 

1.315 

0.134 

3.292 

4.134 

3.679 

2.903 

ii 

1.380 

1.66 

0.140 

4.335 

5.215 

2.768 

2.301 

1.611 

1.9 

0.145 

5.061 

5.969 

2.371 

2.01 

2 

2.067 

2.375 

0.154 

6.494 

7.461 

1.848 

1.611 

2i 

2.468 

2.875 

0.204 

7.754 

9.032 

1.547 

1.328 

3 

3.067 

3.5 

0.217 

9.636 

10 . 996 

1.245 

1.091 

3i 

3.548 

4.0 

0.226 

11.146 

12  566 

1.077 

0.955 

4 

4.026 

4.5 

0.237 

12.648 

14.137 

0.949 

0.849 

4} 

4.508 

5.0 

0.246 

14.153 

15.708 

0.848 

0.765 

5 

6.d45 

5.563 

0.259 

15.849 

17 . 475 

0.757 

0.629 

6 

6.065 

6.625 

0.280 

19.054 

20.813 

0.63 

0.577 

7 

7.023 

7.625 

0.301 

22 . 063 

23 . 954 

0.544 

0.505 

8 

7.982 

8.625 

0.322 

25 . 076 

27.096 

0.478 

0.444 

9 

9.001 

9.688 

0.344 

28 . 277 

30 .  433 

0.425 

0.394 

10 

10.019 

10.75 

0.366 

31 . 475 

33 .  772 

0.381 

0.355 

11 

11.0 

11.75 

0.375 

34.55 

36.91 

0.34 

0.32 

.12 

12.0 

12.75 

0.375 

37.70 

40.05 

0.32 

0.30 

*  Useful  for  figuring  clearance. 

f  Useful  for  figuring  heat  losses  in  power  plants,  heating  surface  of  boiler  tubes,  etc. 
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T.M.  U 

DlmenalonB  uid  Weights  of  Large  Outside  Diameter 
Wrought-iron  Ptpe.f 

"■>— • 

i 

A 

• 

A 

, 

"    :    ' 

»  1  , 

Outside 

^y 

^?' 

Iba. 

"S'- 

Weight 

^S" 

^2S 

Wfiibl  IHeiibl 

14 
15 
IS 
18 
20 
22 
24 
26 
28 
30 

36  75 
39.42 
42.09 
47.44 
52.78 

45.72 
49.06 
52.40 
59.08 
65.76 
72.44 
79.13 

54.61 
58,62 
62,63 
70.65 

78.67 
86,68 
94.70 

102.7 

63,42 

68.10 
72  78 
82  14 
91,49 
100,8 
110,2 
119.5 
128,9 

72  18 

77.50 
82,85 
93.54 
104.2 
114.9 
125.6 
136.3 
147,0 
157,7 

80,80 
86,81 
92,83 
104.8 
118,9 
128,9 
140,9 
152,9 
165,0 
177,0 

89,36 
96,03 
102.7 
116,1 
129,4 
142,8 
156,2 
169.5 
182,9 
196,3 

97.84 
105,2 
112,5 
127.2 
141,9 
156,6 
171,3 
188,0 
200.7 
215.4 

106,2 

lu.a 

122.1 
138, 
154,3 
170- S 
189.3 
202,4 
218.4 
234.4 

•  Add  2  por  rent,  tor  weiiht  ot  itecl  pipea. 
t  AnKTirHD  Spirsl  Pips  Warka, 
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Table  92.    Lap-welded  Artesian-well  Casing 


inal  inside  diam.,  in. 

Actual  outside  diam., 

in.,  not  including 

couplings 

Nominal  weight  per 
ft.,  lbs. 

No.  of  threads  per  in. 
of  screws 

2 

2J 

2.22 

14 

2i 

21 
2i 

2.82 

14 

2i 

2| 

3.13 

14 

3 

3.45 

14 

3 

3i 

4.10 

14 

3i 

3) 

4.45 

14 

1! 

3} 

4.78 

14 

4 

5.56 

14 

4 

4i 

4} 

6.00 

14 

4} 

6.36 

14 

41 

4| 
41 

9.38 

14 

4§ 

6.73 

14 

J! 

4i 

9.39 

14 

5 

7.80 

14 

5 

>      5i 

8.20 

14 

5 

51 

9.86 

14 

5 

5i 

12.80 

Hi 

5 

5i 

15.88 

lU 

5A 

5} 

8.62 

14 

5A 

5} 

12.49 

Hi 

^f 

6 

10.46 

14 

51 

6 

12.04 

Hi 

5} 

6 

14.20 

Hi 
Hi 

5|  - 
6| 

6 

16.70 

ji 

11.58 

14 

6i 

13.32 

14  &  Hi 

6i 

61 

17.02 

Hi 

61 

7 

12.34 

14 

6} 

7 

17.51 

Hi  &  10 

7i 

7i 

13.55 

14 

71 
7f 

8 

15.41 

Hi 

8 

20.17 

Hi 

8i 

81 

16.07 

Hi 

8i 

8} 

81 

20.10 

Hi 

8t 

24.38 

lli&8 

8f 

9 

17.60 

Hi 

9| 

10 

21.90 

Hi 

101 
111 

11 

26.72 

Hi 

12 

30.35 

Hi 

m 

13 

33.78 

lU 

WELDED  STEEL  PLATE  PIPES 


lethods  and  Sizes.  Continental  Iron  Works,  Brooklyn,  process  consists 
)ping  the  edges  of  the  plates  by  a  proper  amount,  heating  to  welding  tem- 
ure  with  a  specially  designed  gas  furnace,  and  roUing  between  two  rolls, 
>f  which  is  shoved  against  the  other  by  a  hydraulic  ram  exerting  25  tons 
lire.  Roller  is  preferred  to  hammer  because  quicker  and  effective  over  a 
r  area;  50  lin.  ft.  of  i-in.  plate  welded  in  10  hrs.  Welding  up  to  1-in. 
is  feasible.  No  flux  b  used.  Company  claims  that  joint  thus  made 
strong  as  the  rest  of  the  plate;  it  has  no  record  of  a  break  at  a  weld;  an 
I.  steam  pipe  burst  under  1750  lbs.  tes^  pressure,  split  4  in.  from  the  seam, 
company  fabricated  two  steel  pipe-lines:  1100  ft.  of  57-in.,  Guanajuata 
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Power  &  Electric  Co.,  Zamora,  Mex.,  thickness,  |  to  A  in.;  4790  ft.  of  434L 
pipe,  H  in.  thick,  Yukon  Consolidated  Gold  Field  Co.,  500  lbs.  working  pressuro. 
On  the  Yukon,  joints  were  bell-and-spigot,  tapered,  and  drilled  for  rivete 
after  being  put  together.  Bends,  up  to  4°,  were  made  by  beveling  plates  d 
adj  acent  sections,  and  welding.  Two  makes,  *  one  American  and  one  Crennan, 
were  used;  latter  was  not  entirely  satisfactory.  One  section  cracked  along  a 
weld  for  10  ft.  on  being  dropped  into  trench;  this  was  patched  and  reinforced, 
and  gave  no  more  trouble.  Another  section  burst  under  835  ft.  test  head,  due 
to  flaw  in  metal. 

Forge-welded  steel  plate  pipes,  in  lengths  up  to  50  or  60  ft.,  have  been  made 
in  Germany  for  a  number  of  years  and  used  throughout  Europe  and  in  more 
distant  parts  of  world,  for  water  supply  and  power.  A  similar  process  was 
recently  installed  by  M.  W.  Kellogg  Co.,  N.  Y.  City,  for  8i2es  up  to  72  in., 
thickness  up  to  1^  in. 

Failures  of  Large  Sizes.  The  claim  that  lap-welded  pipe  is  stronger  and 
more  reliable  than  riveted  pipe  is  disputed.  Of  an  installation  of  four  welded 
pipes  two  failed  at  the  weld,  one  after  being  in  service  7  yrs.  Rupture  showed  the 
weld  blistered  nearly  the  entire  length,  and  for  9  in.  a  flaw  }  through  the  metal 
At  the  time  of  break,  very  cold  water  was  being  drawn;  it  was  supposed  that 
contraction  caused  extra  stress  at  the  weld  (pipe  was  flattened  at  joint). 
Numerous  lengths  of  tested  pipe  have  had  to  be  discarded;  a  test  of  a  few  min- 
utes is  not  sufficient.  It  is  advisable  to  have  as  few  cross  connections  as  posa* 
ble,  and  these,  where  feasible,  normally  closed.  At  another  plant,  of  two  lap- 
welded  pipes,  one  opened  at  a  weld  shortly  after  installation;  after  7  yrs. 
another  section  opened  at  the  weld;  inspection  showed  an  imperfect  weld  and 
shearing  of  the  outer  portion  of  the  steel  from  the  inner  along  the  neutral  axis. 
At  a  third  plant  of  two  lines,  partly  30  in.,  five  sections  were  rejected  in  the 
field  for  defective  welds;  examination  by  drilling  showed  in  cases  less  than  half 
of  the  metal  in  contact.  In  another  case,  24-in.  pipe  for  a  maximum  head  of 
1068  ft.  tested  at  shop,  one  section  was  found  to  have  opened  5  ft.  along  the 
weld;  after  being  in  service  2  weeks  another  section  opened  at  the  weld. 
(Trans.  A.  S.  C.  E,  Vol.  58,  1907,  pp.  57-59.) 

SPECIFICATION  FOR  STANDARD  WELDED  PIPE,  NATIONAL  TUBE  CO. 

Surface  Inspection.  Pipe  shall  be  reasonably  straight  and  free  from  blisteA 
cracks  or  other  injurious  defects.  Liquor  marks  incidental  to  manufacture  of 
lap-welded  pipe  will  not  be  considered  surface  defects.  Pipe  shall  not  vary  inoi« 
than  1  per  cent,  either  way  from  perfectly  round  or  true  to  standard  outside  diam* 
except  small  sizes,  where  variation  of  ifi  in.  will  be  accepted.  Pipe  shall  not  vsiT 
more  than  5  per  cent,  either  way  from  standard  weight. 

Threading  and  Reaming,  Where  required,  pipe  shall  have  good  Briggs  standftrf 
threads,  which  will  make  tight  joints  when  tested  by  hydrostatic  pressure  at  th« 
mill.  Thread  shall  not  vary  more  than  H  turns  either  way  when  tested  witb 
Pratt  &  Whitney  Briggs  standard  gage.     All  burrs  at  end  shall  be  removed. 

Internal  Pressure  Test.  Following  test  pressures  wiU  be  applied  to  re8pectiv« 
sizes  of  standard  butt-  and  lap-weld  pipe: 

•  Trans.  A.  S,  C.  E.,  Vol.  78,  1915,  W.  W.  Edwards. 
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chipped  or  ground  with  emery  wheel  to  bevel  of  45^,  so  as  to  decrease  friction  of 
water  in  pipes.  All  punching,  riveting,  calking,  etc.,  shall  be  done  with  best 
workmanship,  so  as  to  insure  strength  and  absolute  tightness.  S.  V.  W.  W.  is  to 
dip  the  pipe  in  asphaltum  coating  and  to  transport  to  and  distribute  along  ditch. 
Space  for  asphaltum  kettles  and  tanks,  and  rig  and  power  for  handling  pipe  while 
being  dipped,  and  ample  room  for  dry  storage  of  pipe  before  dipping  and  for  open 
air  storage  after  dipping,  shall  be  furnished  by  contractor. 

Laying  Pipe,  Pipe  ditch  and  necessary  joint  holes  will  be  dug  by  S.  V.  W.  W. 
Pipes  are  to  be  connected  in  ditch  by  inserting  small  course  of  one  pipe  into  large 
course  of  other.  Where  pipe  curves,  strap  joints  are  to  be  used,  iron  and  rivets 
necessary  for  such  joints  to  be  furnished  by  S.  V.  W.  W.,  strap  iron  being  8  in.  in 
width  and  to  be  put  on  outside  of  pipe  in  two  sections,  with  straight  seams  on  ndee, 
so  as  to  form  joints  as  perfectly  as  those  required  to  be  made  in  shop.  Contractor 
is  to  roll,  shear,  punch  and  fit  bands,  and  employ  best  of  workmanship  in  this  woik 
and  in  scarfing,  riveting,  splitting,  chipping  and  calking  and  other  necessary  work, 
as  is  required  for  pipe.  The  two  straight  seams  of  strap  shall  be  chipped  and 
calked,  as  well  as  round  seam,  for  4  in.  on  each  side  of  laps.  Where  straps  are  lued, 
lengths  of  pipe  are  to  be  so  placed  in  ditch  that  ends  of  pipe  butt  together,  or  nearly 
so.     Distance  between  ends  of  pipes  at  such  bends,  in  widest  part,  is  not  to  1)6 

400 


*2  300 

V 

a 
£  200 

c 


^  too 


0  0.05  0.10  0.15  0.20  aZ5 

Percentage  Elongation. 

Fig.  191. 

more  than  3  in.     Before  straps  are  fitted  and  riveted  to  ends  of  pipe,  these  Mida  ai* 
to  be  carefully  scraped  and  entirely  cleaned  of  coating  for  3  in.  from  each  end,  both 
in  and  outside  of  pipe,  same  as  all  other  joints  made  in  ditch,  so  that  strap  joints** 
well  as  other  joints  make  a  perfect  union  of  iron  to  iroA.     Round  seams  of  pipe,  •• 
well  as  seams  of  strap  joints,  shall  be  riveted  with  hot  rivets,  forming  good,  tfi^ 
stantial  heads,  both  in  and  outside  of  pipe,  of  shape  and  proportions  shown  on  p.  35»t 
care  being  taken  that  a  rivet  is  placed  through  scarfed  edges  of  plate  at  all  laps,  »^ 
which  laps  lap  rivets  are  to  be  used  as  specified  for  pipe.     Where  curvature  ^ 
pipes  is  so  great  that  above  strap  joints  are  insufficient  to  make  pipe  follow  vif^ 
curves,  same  is  to  be  accomplished  by  inserting  one  or  more  single  courses,  or  stt^ 
single  courses  intermingled  with  lengths  of  pipe.     Contractor  is  to  furnish  ni5^ 
holes,  blow-outs  and  air  valves,  and  connect  them  with  pipe  in  such  places  as  ch*^ 
engineer  directs,  each  fitting  being  provided  with  a  wrought  iron  ring  A  in.  W 
3  in.  on  inside,  hot  rivets  passing  through  it  and  iron  of  pipe  and  flanges  of  fitting''^ 
only  hot  rivets  being  used ;  edge  of  plate  shall  be  chipped  and  calked  against  insi** 
face  of  fitting;  rivet-joints,  as  well  as  apparatus  so  attached,  shall  be  perfect*^ 


1 

ElasHc 
24,000lbs 
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Limit 
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t.    Anjr  platee  or  rivets  in- 
llowed  to  rust,  or  otherwise 
hy  contractor  while  in  his 
md  before  acceptance  and  , 
Y  8.  V.  W.  W.  shall  be  re-  ' 
his  expense.  ' 

j;tor  shall  provide  dryator- 
>n  and  rivets,  so  sa  to  keep 
rain,  fog,  etc.,  entirely  away 
1.  Contractor  is  required 
acture,  ready  for  dipping 
rartation,  for  every  workinR 
arrival  of  iron,  not  less 

feet   of  pipe,  and   is 

red  to  lay  and  connect  the 
>r  it  haa  been  dipped  and 
d  by  the  S.  V.  W.  W., 
r  described  and  specified, 
rate    per    day    as    it   was 

of  Strength  and  Stretck, 
of  Spring  Valley  W.  W., 
ciaco,  tested  (June,  1911) 
.■eted  wrought-iron  pipe 
ider  speciiications  like 
ith  results  shown  in  Fig. 
)ngation  of  the  iron  or 
?ntial  stretch  of  the  pipe, 
mred  by  a  tape  wrapped 
le  pipe  and  held  by  special 


SOT  mON  PIPES 

icompahgre  Valley,  Colo- 
i.  Reclamation  Serv'ice,  in 
t  a  26-in.  pipe  of  "Ingot" 
te,  since  the  alkali  aoila 
;  line  have  a  strong  cor- 
jon  on  ordinary  iron  and 
his  is  believed  to  be  the 
nsive  use  for  pipe  tines.  , 
iona  called  for  following 
iea :  Ultimate  tensile 
not  less  than  48,000  nor 
n  52,000  lbs.  per  eq.  in.; 
ait,  not  less  than  35,000; 
lot  more  than   0.01    per 
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of  potential  due  to  (1)  segregation  in  steel,  (2)  enclosed  pieces  of  slag,  (3) 
slightly  different  qualities  of  metal  in  adjacent  sheets,  (4)  mill  scale  on  metil, 
(5)  coating  and  (6)  electrolyte  in  the  water  of  the  conduit,  or  in  stagumt 


it 


water  adjacent  to  the  outside  of  platrs.     Electrolytic  theory,  insofar  as 
explains  corrosion,  also  indicates  a  remedy.     Metal  surrounded  by  alkali  etJ 
Dot  rust  since  acid  hydrogen  ione  are  prevented  from  coming  into  contarf 
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1898,  have  given  no  trouble.  Pipe  arch  bridge  over  Sudbury  river  (QOrft. 
span)  has  not  leaked  nor  shown  signs  of  distress.  For  Catskill  aqueduct 
studies  35  jrrs.  were  assumed  as  the  renewal  interval  for  steel  pipe  with  the 
best  dip  coatings;  so  far  as  known,  no  steel  main  has  been  in  use  for  that 
period.  Steel  pipes  at  Newark,  N.  J.,  about  the  oldest  in  eastern  U.  S., 
were  laid  in  1890-91  and  in  service  in  1915.  Electrolytic  action  may  destroy 
steel  pipe  in  much  less  than  35  yrs. 

Growths.  Organisms  which  lodge  and  develop  in  pipe  may  be  animal  or 
vegetable;  they  generally  grow  on  the  sides  and  the  top,  rarely  on  the  bottom, 
as  they  appear  to  dislike  the  subsidence  of  fine  silt  apt  to  occur  when  the  veloo- 
ity  is  greatly  reduced.  Polyzoa,  spongilla,  algae  and  fungi  are  found  in  dark 
chambers  of  reservoir  gate-houses  and  in  conduits  and  distributing  pipes, 
but  in  the  latter  are  usually  restricted  to  the  vicinity  of  the  source  or  reservoir. 
In  some  cases  these  growths  are  found  in  pipes  several  miles  from  the  head. 

Leakage.  General  experience  with  steel  mains  is  that  they.tend  to  grow 
tighter  with  age,  unless  perforations  occur.  A  48-in.  steel  main  in  Philadelphia^ 
after  being  tested  and  recalked,  had  leakage  of  7000  to  10,000  gals,  per  mileper 
24  hrs.  under  pressure  of  160  lbs.  per  sq.  in.  A  72-in.  steel  main  10.8 miles  Ion& 
tested  in  sections,  averaged  0.059  cu.  ft.  per  sec.  per  mile  leakage,  pressure  0 
to  59  lbs.  =  38,000  gals,  per  mile  per  24  hrs.  Tests  on  some  Brooklyn  con- 
duits resulted  as  follows:  (1)  66-in,  pipe,  3.2  mi.  long,  33  per  cent,  riveted 
steel,  remainder  of  lock-bar  type;  field  joints  every  30  ft.;  leakage  under 
65  to  95  lbs.  test  pressure  was  12,300  gals,  per  mile  per  day  (3.91  gals,  per 
lin.  ft.  of  field  joint  per  24  hrs.).  (2)  66-in.  pipe,  30  per  cent,  riveted 
steel,  remainder  of  lock-bar  type;  field  joints  every  30  ft.  Leakage  under 
pressure  of  48  to  117  lbs.  per  sq.  in.  was  9800  gals,  per  day  per  mile  (3.10 
gals,  per  lin.  ft.  of  field  joint  per  24  hrs.).    See  also  p.  414. 

Steel  Pipe  Deformation.  Kuichling  (New  England  Waterworks  Atf'n, 
1910)  has  seen  earth  fill  6  to  8  ft.  deep  reduce  10  per  cent,  the  vertical  diam.  of 
36  in.  to  72  in.  steel  pipes,  J  to  ^  in.  thick.  He  concludes  that  ordinarily  5  (*" 
6  ft.  backfill  will  produce  stresses  near  elastic  limit.  Stiffening  rings  of  steel 
or  concrete  should  be  used  on  deep  pipes. 

A  42-in.  steel  pipe,  Portland,  Oregon,  was  flattened  4  in.  by  careless  back- 
filling, causing  uneven  distribution  of  load.  Tests  showed  no  leakage  under 
distortion  of  Si  in.,  although  shortening  of  only  If  in.  cau£fed  permanent  set* 
i  in.— (E.  R.,  Vol.  38,  1898,  p.  554.) 

Temperature  Effect  On  a  72-in.  riveted  steel  main  laid  in  Brookljrn,  19W» 
the  lead  was  pulled  2  in.  out  of  joints  9  in.  deep  at  a  valve,  at  night,  by  tempfl** 
ture  effect  on  3500  ft.  of  exposed  line  on  either  side,  and  forced  back  partly  bT 
day.  Temperature  ranged  from  about  38  to  60°  F.  On  tangents  usuaBf 
the  only  force  to  be  resisted  by  the  circular  seams  is  that  due  to  temper*^ 
ture.  Assuming  a  temperature  variation  of  45®,  modulus  of  elasticity  i^ 
steel,  30,000,000;  tensile  strength,  55,000  lbs.  per  sq.  in.;  elongation  p«^ 
degree,  1  -^  148,000,  and  factor  of  safety  of  3,  necessitates  a  joint  having 
(30,000,000  X  45)  -5-  (148,000  X  55,000  -^  3)  =  50  per  cent,  efficiency- 
These  temperature  stresses  cause  shear  in  the  rivets  of  field  seams  which  ff^ 

Uy  determines  the  spacing  of  the  rivets  on  single-riveted  circular  scan* 
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Table  QS.    Economic  Proportions  for  Continiians  Wood  Stave  Pipe  Dealfi 


Durabili^.*  Concluaiana  aa  to  durability  drawn  from  10  yrs.'  expenenc 
Astoria,  Oregon,  are:  (1)  Staves  constantly  subject  to  internal  water  preami 
and  buried  in  the  ground  may  be  short-lived.  (2)  Magnitude  of  water  picavir 
beyond  a  moderate  head  (20  ft.),  has  little  or  no  influence  in  preserving  woo 
(3)  Pipe  laid  above  ground  not  deteriorated  to  any  considerable  extent,  w 
pipe  in  timnela  from  distributing  reservoir,  (4)  Where  buried,  durability  hi 
depended  upon  soil  conditions  and  depth  of  cover,  (5)  When  cover  exceeded 
ft.,  free  from  vegetable  matter,  fine-grained  and  impervious,  deterioration  wi 
less.  (6)  Wherever  staves  have  been  in  contact  with  loamy  earth  or  eart 
containing  vegetable  matter,  or  covered  with  porous  material,  or  to  depth  1« 
than  2  ft.,  rapid  decay  has  resulted.  (7)  Decayed  staves  have  been  found  b 
around  the  pipe.  (8)  Round  staves  frequently  found  contiguous  to  bwC 
decayed  staves.  (9)  Character  of  grain,  whether  slash  or  edge,  has  not  infr 
enced  durability.  (10)  Bruising  staves  during  erection  seems  to  basU 
decay.  (11)  Decay  conRucd  to  outside  of  pipe.  (12)  Pipe  usually  haenc 
leaked  where  thickness  of  sound  wood  has  remained  in  excess  of  \  in.  (13 
Malleable  cast  band  fastenings  found  in  good  conditiou.  (14)  Bands  A  u 
diam.  considerably  rusted  save  where  secured  by  nut. 

This  pipe  was  built  of  fir;  fir  decays  very  rapidly  under  natural  conditio 
in  that  vicinity.  Importance  of  keeping  wooden  pipe  full  of  water  at  all  tioi 
cannot  be  overestimated.  Roots  of  near-by  trees  and  bushes  grow  to  pip 
hasten  decay.  All  forms  of  construction  which  remove  portion  of  stave  fro 
immediate  contact  with  water  should  be  avoided.  At  junctions  between  woi 
and  iron  pipes,  putting  iron  ijiside  wood  should  be  avoided.  Best  make  sped 
iron  hub  to  receive  end  of  wood  pipe  and  calk  joint  with  oakum  and  le* 
Much  wood  pipe  has  proved  satisfactory,  durable  and  economical. — (Arthur 
Adams,  in  T.  A.  S.  C.  E.,  Vol.  58,  1907.) 

*  EihftiutiTc  (ibis  bu  recently  bera  compUHlbjr  D.  C.  K«id]f.  RwliNnBtioD  R«»nl.  Auc.,  1* 
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T.  Chalkley  Hatton  investigated  (1907)  wood  pipe  of  irrigation  work  b 
West  where  continuous  stave  pipe  has  been  used  many  years,  and  sevenl 
municipal  and  industrial  plants  where  both  continuous  and  machine-made 
pipe  has  been  in  use  at  least  40  yrs.    Continuous  stave  pipes  where  bruifled 
either  in  handling  or  by  cinching  bands  too  tightly,  in  most  instances  suS&ei 
decay  where  pressure  was  less  than  50  lbs.,  also  where  longitudinal  joints  were 
wide  at  outer  surface  and  contact  not  good,  or  at  end  joints  not  in  close  con- 
tact, or  where  a  dry  crack  existed  in  end  of  stave  before  it  was  built  into  pipe 
In  many  places  where  pipes  were  examined  material  in  contact  was  at  least 
50  per  cent,  vegetable  matter,  and  no  evidence  of  decay  was  found,  although 
pipes  had  been  in  constant  use  8  to  14  yrs. ;  where  top  of  pipe  was  only  partly 
covered,  or  liad  but  few  inches  of  dry  earth  over  it,  dry  rot  had  extended  to 
depth  of  i  to  }  in.,  but  as  soon  as  constant  saturation  was  reached  wood  im 
sound.     Greatest  defects  were  in  end  joints,  due  to  saw  kerfs  not  being  exactly 
in  position,  so  that  when  metal  tongue  was  inserted  inner  or  outer  edge  of  (mft 
stave  was  a  little  higher  or  lower  than  that  of  its  neighbor.     Another  marked 
defect  was  in  durability  of  steel  bands.     These  bands  are  ^  to  }  in.  diam., 
coated  with  asphaltum  pitch  or  similar  material,  and  supposed  to  be  free  fraoi 
oxide  when  placed.     Hundreds  of  bands  when  delivered  had  been  exposed 
to  weather  sufficient  time  to  give  them  a  thick  coat  of  rust.     In  this  condition 
they  were  dipped,  covering  rust  but  not  stopping  its  deteriorating  effects.  Ift 
many  instances  threads  were  badly  rusted,  not  having  been  coated;  and  in 
most  instances  it  would  have  been  dangerous  to  move  the  nut,  as  stripping 
would  have  occurred. 

Stave  pipe  of  good  soft  white  pine,  Douglas  fir,  cypress  or  even  red 
cedar,  well  selected,  free  from  dry  or  black  knots,  either  air-  or  kiln-dried, 
free  from  cracks,  well  jointed  and  secured  with  steel  bands  protected  from 
corrosion,  will  last,  under  average  conditions,  as  long  as  cast-iron  pipe. 

Lynchburg,  Va.  A  conduit  built  for  Lynchbiurg,  Va.,  1906,  consists  of 
wood  stave  pipe  for  pressures  up  to  83  lbs.,  steel  pipe  for  higher  pressures,  and 
cast-iron  pipe  for  stream  crossings,  all  30  ip.  diam.  Profile  is  such  as  to 
keep  wood  pipe  always  under  pressure.  Trench  is  6  ft.  deep.  Minimum 
radius  =  200  ft.  California  redwood  staves,  2X6  in.,  10  to  24  ft.  long,  siff- 
faces  planed  to  circumference.  One  radial  face  of  stave  has  J-in.  bead,  A  ^ 
high,  which  under  pressure  is  forced  into  the  plane  radial  face  of  the  adjacent 
stave.  Leakage  at  ends  of  staves  is  prevented  by  J-in.  steel  plates  fitted  into 
saw  kerfs.  Bands  are  §-in.  mild  steel  rounds,  specified  to  have  ultim^to 
strength  of  58,000  to  65,000  lbs.  per  sq.  in.  Each  band  has  hemispherical  head 
on  one  end  and  cold  rolled  thread  on  other  so  proportioned  that  rupture  wiB 
occur  in  rod;  all  tests  have  proved  the  adequacy  of  the  proportion.  Bands  are 
spaced  by  formula  A^  =  3.3//,  applicable  only  to  30-in.  pipe  imder  conditions 
of  the  specifications,  where  A'  is  number  of  bands  per  100  ft.,  H  is  pressure 
head  in  feet.  Bands  engage  malleable  cast-iron  shoes,  so  designed  that  friction 
on  the  base  will  allow  slipi)ing  around  pipi^  rather  than  cutting  into  wood,  duf 
ing  tightening.  At  leivst  J  in.  of  metal  in  all  parts  of  shoe.  While  storedi 
awaiting  use,  weather  caused  cracking  and  checking  of  ends  of  staves.  Con* 
tractor  sawed  off  damaged  ends  by  hand.     It  was  found  impossible  to  do  hand' 
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in  each  joint,  depending  on  the  size,  service  head,  and  skill  with  which  laid 
Smaller  sizes  a&n  be  deflected  more  than  the  larger,  and  low-pressure  pipe 
more  than  high.  When  vertical  or  horizontal  curves  are  to  be  built,  include 
a  number  of  short  lengths  in  the  order.  After  laying  a  curve,  tamp  in  enough 
backfilling  on  the  outside  of  the  curve  to  keep  it  from  buckling  and  then  nun 
the  joints  together  tight  by  using  the  tompion  and  ram  on  the  last  length. 
Extra  care  should  be  taken  in  backfilling  around  a  curve  to  see  that  the  tamp- 
ing is  thoroughly  done,  as  there  is  always  a  tendency  when  the  pipe  is  under 
pressure  for  it  to  "work"  and  blow  out  on  curves.  Fittings,  particulariy 
bends,  should  be  thoroughly  anchored,  by  placing  a  strut  against  the  side  of 
the  trench,  driving  in  a  strong  stake  and  wedging  tight  against  the  fitting,  or 
by  means  of  a  large  stone.  Take  care  that  the  anchor  is  not  misplaced  in 
backfiUing.  Plugs  should  always  be  held  thus,  for,  while  they  might  hold 
themselves  after  becoming  soaked,  they  are  apt  to  blow  out  when  dry. 

Capacity.  (See  also  page  571.)  Experiments  upon  old  wood  stave  pipe 
showed  some  slight  increase  in  capacity  after  several  years'  use.  No  case  is 
known  where  a  wood  pipe  kept  full  of  running  water  has  its  inner  surface 
rougher  after  use.  "Clean  cast-iron  pipe  would  seem  to  have  about  90  per 
cent,  of  the  capacity  of  stave  pipe,  while  if  seriously  tuberculated,  a  condi- 
tion which  usually  prevails  after  a  few  years  of  use,  it  discharges  only  about 
}  as  much  as  a  stave  pipe  of  the  same  size;  a  steel  pipe  discharges  when  dean 
from  93  per  cent.,  in  the  case  of  a  12-in.  pipe,  to  68  per  cent,  in  the  case  of  a 
6-ft.,  of  the  amount  which  might  be  expected  from  stave  pipes  of  the  same 
diam.,  while  if  steel  pipe  is  tuberculated  to  an  extent  that  might  readily 
occur  in  from  10  to  15  yrs.,  these  discharges  may  fall  to  74  and  54  per  cent., 
respectively."* 

Spacing  of  Bands.  From  experiments,  it  was  found  that  a  factor  of  safety 
of  3  was  ample  for  the  steel  bands  used.  Pipes  subjected  to  pressure  of  80  Ibe. 
or  over  and  12  in.  in  diam.  or  over,  for  municipal  waterworks,  are  solidly 
wound ;  that  is,  they  are  steel  pipes  with  a  wooden  lining.  The  band  is  secured 
to  each  end  of  the  pipe  by  double  winding  after  the  end  is  fastened  with  2  or 
more  screws,  and  on  all  high-pressure  pipes,  screws  are  put  through  the  band 
into  the  wood  every  foot  or  8  in.  apart,  according  to  diam.  and  pressure. 

Flat  Bands  vs.  Wires.  Wood  pipe  is  wound  with  galvanized  iron,  steel  or 
copper  wire,  on  order,  but  is  not  recommended  for  the  reason  that  for  pipes 
subjected  to  an  unsteady  pressure  of  50  lbs.  or  greater,  leaks  have  been  found 
eventually  along  longitudinal  seams;  the  liigher  pressures  force  the  wire  into 
the  wood,  the  lower  pressures,  following,  permit  the  joint  to  open.  Bands, 
being  1 J  in.  wide,  cannot  sink  into  the  wood,  ^nd  the  excessive  pressure  must 
be  taken  up  by  the  elasticity  of  the  steel;  if  this  pressure  is  not  beyond  the 
elastic  limit,  the  pipe  will  retain  its  tightness. 

•  T.  A.  S.  C.  E..  Vol.  41,  1899,  p.  27.  Arthur  L.  Adams. 
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itttoga  can  be  m&chiQe-threaded  to  conaect  with  screwed  pipe  at  the  addi- 
Dual  coat  of  machiiie  work,  or  bells  made  to  fit  any  standard  pipe. 

Dutribulum  System.  Wire-wound  pipe  can  be  manufactured  to  withstand 
rfeljr  SOO-ft.  head;  a  large  pipe  is  in  successful  use  under  280  lbs.  pressure, 
qual  to  630-ft.  head.  Taps  or  service  connections  require  simply  the  boring 
li  a  hole  with  a  bit  ^  in.  smaller  than  the  outside  diam.  of  the  iron  service 
ipe.wluchiathenscrewed  into  the  hole;  the  swelling  of  the  wood,  with  water  in 
he  pipe,  holds  the  tap  like  a  vise,  so  that  a  wrench  will  be  required  to  remove 
t.  After  a  pipe  is  laid  and  it  Is  desired  to  install  a  t«e  without  cutting  the  pipe 
n  tvo,  a  saddle  -which  is  clamped  to  the  pipe  can  be  furnished  with  hub  end, 
nrew-threaded  connection  or  flange  connection. 


Wd^t.  Pounds  per 

Lineal  Ft.  of  Steel  Banding  for  Hachine-made  Wood  Pipe 

(E«l«n  Mfg.  Cd.) 
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,313 

Telodtiea  of  Flow  of  Water  in  Hachine-made  Wood  Pipe* 

(Fnt  pit  leeood) 


Noteworthy  wood  pipe  lines:  Astoria  City,  Ore.;  West  Los  Alleles; 
Igien,  Utah;  Floriston,  Cal.  (all  in  T.  A.  S.  C.  E.,  Vol.  58,  1907);  Bear 
'alley,  Cal.,  T.  A.  S.  C.  E.,  Vol.  33;  Lynchbui^,  Va.,  E.  R.,  Vol.  54,  1906. 


CHAPTER  XVII 
CONCRETE  AND  REINFORCED  CONCRETE  PIPES 

Concrete  Pipe.  For  heads  under  15  ft.  beet  mixture  for  pipes  up  to  20  i 
diam.  is  cement  1  :  4  sand  and  gravel.  For  larger  pipe,  use  1  :  3  mix. 
all  batches  add  hydrated  lime,  5  per  cent,  by  weight  of  cement.  Cast  on  end. 
Every  inch  of  circumference  should  be  carefully  tamped;  do  not  displace 
when  so  doing;  otherwise  pipe  will  vary  in  thickness.  Pipes  even  of  best 
terials  and  workmanship  may  be  ruined  if  not  properlycured.  Curing  shouU; 
take  place  in  open  air  unless  there  is  danger  of  freezing.  After  pipe  has  set  for. 
about  30  min.  sprinkle  by  hand  with  fine  sprinkler.  Drench  after  2  or  3  hn., 
and  wet  often  enough  after  that  to  keep  from  drying  out,  for  1  weekr  After 
7  days*  curing,  coat  the  pipes  with  a  thin  mixtiu'e  of  cement  and  water,  pipes 
4  to  12-in.  diam.  being  dipped.  All  pipes  should  cure  for  3  weeks  before  being 
placed  in  the  trench.  Cement  at  pipe  joints  should  be  allowed  to  set  1  hr. 
before  refilUng  the  trench;  use  only  earth  free  from  stones  and  tamp  lightly 
around  joint.  When  cover  of  1  ft.  above  joint  has  been  put  in,  ordinary  re- 
filUng may  be  used;  36  hrs.,  or  preferably  48,  should  be  given  joints  to  set  be- 
fore turning  water  into  the  pipes.  (J.  A.  Griffin^  Los  Angeles,  E.  R.,  May  6, 
1911,  p.  505.) 

Lock  Joint  Pipe.  Concrete  pipes  reinforced  with  wire  fabric,  cast  in  lengths 
along  the  trench  or  in  a  yard,  according  to  Meriwether  system  (patented)  are 
furnished  by  Lock  Joint  Pipe  Co.,  N.  Y.  City.  For  Hamilton,  Ont.,  24-,  27-,  30-, 
33-,  36-,  42-,  and  48-in.  pipes  were  supplied,  and  for  Havana  sewer  system,  up  to 
84-in.  Steel  molds  for  casting  bell-and-spigot  reinforced  concrete  pipes  in 
standard  lengths  (e.^.,  48  in.  diam.,  8  ft.  long)  are  made  by  Blaw  CoUapeible 
Steel  Centering  Co.,  Pittsburg. 


a 


Fio.  205. — Reinforced  concrete  pipe.  Three  positions  for  mesh  reinforoemeBi: 
a.  One  layer  to  resist  internal  pressure;  6,  two  layers  for  great  depths  or  hi^i>* 
ternal  pressure;  r,  one  layer  to  resist  external  pressure. 

Various  kinds  of  metal  are  used  for  reinforcing:  triangular  mesh,  expanded 
metal,  bars.  Reinforcement  extends  the  length  of  the  section  and  projeell 
both  into  the  bell  end  and  out  of  spigot  end  several  inches.  Spigot  is  shorter 
than  l)oll;  therefore  when  two  sections  of  the  pipe  are  placed  together  the  rail- 
forcing  metals  overlap  in  an  internal  recess.    This  recess  b  filled  with  cement 
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Table  97.    Details  of  Standard  Reinforced  Concrete  Pipe,* 


DimeasioQB  of  pipe 


Sue  of  reinf oroement 


Diam., 
in. 


Length 
B,  ft. 


Thick- 
neas  of 
trail,  in. 


Length 

of  flange 

D,  in. 


Ban  £, 
in. 


Bands, 
in. 


Tie 
bands 
G,  in. 


A.  o.  A  nr . 

Co.  triangle 
wire  medi, 
style  No.f 


Nal 

tudini 

perse 

off 


24 
27 
30 
33 
36 

39 
42 
48 
54 
60 

66 
72 
78 
84 
90 

96 
102 
108 
114 
120 


3 
3 
3 
3 
3 

3 
3 
3 
3 
3 

3 
3 
5 
5 
5 

5 
5 
5 
5 
5 


2§ 
3 

3i 
3i 
4 

4i 

4i 

5 

51 

6 

6i 

7 
8 
8 
81 

8i 

9 

9 

9} 
10 


3 
31 
3i 
4 

41 

4} 
41 

41 
4i 
5 

5i 

5i 

6 

6 

6 

6 
6 
6 
6 
6 


ixi 


i 
i 


ixi 
ixi 


A 
i 
i 
i 


X 
X 


11 


txi 


X  ij 

X  1§ 
X  li 


IX 

i 

i 
i 
i 


ixf 
ixi 

A  X  U 
A  xii 
A  xii 


ixii 
ixii 


I 
i 
i 
i 


X 
X 
X 
X 


t 

i 
i 


i 
t 
i 


X 
X 
X 


H 
H 

2 


ix 
ix 
ix 

X 
X 


i  X2 
i  X2J 


i 

i 

i 
i 

A 
A 
A 


I 

1 


X 
X 
X 
X 
X 


A 
A 
A 

A 
A 


xii 
xii 
X  li 
X  li 
xii 


A  X 

A  X 
A  X 
A  X 
AX 


6S 

6S 
5S 
5S 
5S 

5S 
268 
26S 
25S 
25S 

25S 
26D 
26D 
26D 
25D 

25D 
24D 
24D 
23D 
23D 


3 
3 
3 
3 
3 

5 
5 
5 
5 
5 

7 
7 
5 
5 

8 

8 
8 
8 
8 
8 


*  Reinforced  Concrete  Pipe  Co.,  Jackson,  Mich. 

t  Sometimes  utted  instead  of  rod  reinforcement,  as  shown  in  Fig.  206.     S  -■  single,  D  "  d 

definite  places,  to  be  subsequently  grouted  while  pipe  is  under  slight 
cessive  stress,  but  such  grouting  is  not  ordinarily  practicable.    For  h 
60  ft.  and  less,  there  seems  to  be  no  reason  why  cracks  cannot  be  preve 
proper  thickness  of  concrete  and  ratio  of  steel.     (2)  Porous  spots  si 
grouted  and  pointed  from  inside,  and  entire  interior  surface  covered  v 
brushed  coat  of  neat  cement  grout.     (3)  Finer  aggregate  should  con 
percentage  of  fine  material,  about  80  per  cent,  passing  No.  16  sieve,  f 
33  per  cent.  No.  50  sieve;  natural  sand  preferred  to  stone  screen 
Economic  limit  to  head  to  be  carried  by  reinforced  concrete  pipe  i^ 
100  to  125  ft.     (5)  Leakage  in  properly  constructed  pipe  is  no  greaf 
cast-iron  pipes  of  same  size,  and,  besides,  continually  deoreases. 
made  pipe  may  be  considered  practically  a  permanent  structure.    (7]* 
efficient  of  discharge  can  be  used  than  with  steel  pipe.     (8)  Under 
management,  cost  should  be  less  than  for  steel  pipes  up  to  10^ 
head;  depends  largely   upon    local  conditions  as  to  cost  of  c 
terials  and  labor,  as  compared  to  transportation  from  shop  ai 
steel  pipe.     Most  of  these  remarks  apply  especially  to  large  pipes 
Reinforced  Concrete  Aqueduct.    F.  F.  Moore  in  Jl.  Ass'n. 
Vol.  47,  July,  1911,  outlines  designing  methods  for  reinforce< 
Catskill  aqueduct.    Maximum  head  on  center  of  pipe  is  50  ft.    D 
from  7.75  to  17  ft.     For  large  diameters,  not  far  below  hydraulic  j 
are  not  uniform  around  the  circumference.     Internal  load  resul 
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fact  that  distribution  of  stress  in  a  stable,  elastic  rib  supporting  external  forcei 
will  be  such  that  aggregate  work  performed  by  internal  forces,  or  streases,  ii 
minimum.    In  aqueduct  sections  external  forces  were  generally  symmetiial 
about  vertical  axis,  so  that  direction  of  resultant  forces  at  middle  of  crown 
and  invert  could  be  taken  as  horizontal.    True  line  had  to  be  sought  hf 
laborious  ''cut-and-try''  process,  although  an  experienced  man  oouM  get 
results  in  three  or  four  trials.    Actual  work  done  need  not  be  determined, « 
we  are  interested  only  in  differentials;  certain  common  terms  and  facton 
can  be  eliminated.     Resultant  force  line  corresponding  to  least  work  done  bjr 
internal  stresses  is  indicated  by  line  giving  least  summation  of  the  values  of 
Af«       P« 

A  —  area  of  concrete  section  of  assumed  radial  plane, 

P  =  component  of  resultant  force  normal  to  assumed  radial  plane, 

n  =  distance  from  point  of  application  of  P  to  center  of  radial  plane, 

h  =  length  of  radial  plane, 

/  =  moment  of  inertia  of  concrete  section,  about  its  center  of  gravity, 

M  =  bending  moment  of  force,  P,  —P  X  n 

In  above  expression,  --v-  refers  to  influence  of  P  in  producing  flexure; 

second,  to  direct  stress  influence.  Length  of  aqueduct  12  in.  long  was  con- 
sidered ;  all  quantities  taken  in  inches  and  pounds.  In  cases  studied  P  was  a 
tension  force,  but  a  condition  of  loading  is  conceivable  which  would  makeP 
a  compressive  force  on  part«  of  rib. 

Obvious  value  of  /  in  above  expression  is  moment  of  inertia  of  reinforced 
section  with  respect  to  its  neutral  axis,  but  use  of  /  for  plain  concrete  section 
will  answer  our  purpose,  since  reinforcement  consists  of  bars  symmetrically 
placed  with  respect  to  an  axis  through  center  of  concrete  section,  so  that  this 
axis  coincides  with  neutral  axis.     This  substitution  is  based  on  the  assumption, 
reasonable  within  limits  set  for  working  stresses,  that  modulus  of  elasticity 
of  both  concrete  and  steel  are  respectively  constant  and  of  same  value  tor 
both  tension  and  compression.     I  of  reinforced  section  is  larger  than  /  ^^^ 
plain  section  by  a  quantity  which  is  constant  in  each  joint  for  all  values  o^  *"» 
as  we  are  interested  only  in  differentials,  use  /  for  plain  section.     Substituti^6 

for  My  I  and  A  for  section  12  in.  long,  criterion  may  be  re- written    -,  p  -P  X 

Having  thus  detenu i nod  true  resultant  force  line  and  force  polygon,  str^'^ 
are  readily  obtainable.  Condition  assuming  no  tension  in  concrete  gives  ^^^ 
to  3  ctuses:  (1)  reinforcement  of  both  sides  of  rib  in  tension  and  no  compre^^*^^ 
in  concrete.  This  obtains  when  resultant  external  force  intersects  aasuX^ 
radial  plane  near  its  center;  is  solvtnl  by  resolving  component  of  resul^^^ 
into  2  panillol  forces  acting  at  centers  of  steel  bars;  (2)  when  part  of  concr^^ 
including  one  reinforcing  bar,  is  in  compression,  while  other  bar  b  in  tensi^^ 
(3)  Reinforcement  of  both  sides  in  tension,  and  some  compression  in  concr^'*'^ 
For  cases  2  and  3,  cubical  equations  were  derived  containing  2  unkna"^ 
quantities:  area  of  steel  and  distance  from  neutral  axis  to  most  oompres^^ 
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as  practicable;  about  4  in.  is  the  minimiiTn  thickness  obtainable  with  the 
Teichman  machine.  At  Roosevelt,  one  pipe,  built  continuously^  leaked  60 
gals,  per  min.;  companion  pipe,  built  imder  much  worse  conditions  with 
joints  between  days'  work  every  40  ft.,  leaked  about  400  gals,  per  min. 
Although  leaky  pipe  is  2  in.  thinner,  leakage  seemed  to  occur  only  at  ends  of 
days'  work.  Due  to  removing  forms  too  soon,  incipient  separation  in  plane  of 
reinforcement  rings  between  concrete  on  either  side  of  reinforcement  rings 
occurred  in  some  places. 

Construction  Methods.  In  a  5-ft.  circular  pipe  of  U.  S.  Reclamation  Ser- 
vice, for  65-ft.  head,  continuous  longitudinal  reinforcement  amoimts  to  0.2  per 
cent.  Pipe  was  built  in  lengths  of  days'  work  (63  ft.  maximum)  stopped  at  a 
vertical  plane  by  cement  bags  filled  with  sand;  before  continuing  work  next  day, 
projecting  fins  were  removed  with  a  hammer.  In  one  month  (of  comparatively 
constant  temperature)  in  the  fall  of  1907,  550  ft.  were  placed  without  longitu- 
dinal cracks .  Concrete  was  covered  with  earth  as  soon  as  possible  and  kept  wet 
to  prevent  drying-out.  Bad  places  in  coAcrete  were  cut  out  immediately  on 
discovery,  washed  with  neat  cement  grout,  and  filled  with  concrete.  Slow- 
setting  cement  was  used;  forms  were  left  up  48  hrs.  Concrete  mix,  1 : 2.4 :3.6. 
Used  23  to  24  per  cent,  water.  Field  welds  of  the  reinforcement  showed  aa 
efficiency  of  about  50  per  cent,  of  ultimate  strength,  and  100  per  cent,  of  elastic 
limit;  the  latter  should  be  the  critical  point  for  such  work. — (W.  W.  Patch, 
U.  S.  Reclamation  Service,  Dec.  28,  1907.) 

Tuberculation.  In  Jersey  City  reinforced  concrete  conduit  tuberculation 
of  steel  has  occurred  where  too  near  the  surface  of  the  concrete,  like  tubercular 
tion  on  inner  surfaces  of  steel  pipe.  Same  phenomenon  has  been  observed  in 
some  other  pipes. 

Cement  Pipe.  Paterson,  N.  J.,  laid  cement  pipe  (cement-lined  sheet-iron 
covered  with  cement)  4-in.  to  12-in.  diam.,  1855  to  1877.  Sheet-iron  sleeves  »^ 
joints.  In  1897  about  28  miles  in  use;  in  1^08, 7  miles.  I¥eesure  20  to  70lbs. 
On  removal  large  percentage  of  pipe  was  in  good  condition.  Metal  found  to 
be  rusted  out  in  many  places.  Workmen  on  other  subterranean  work  wcr® 
continually  breaking  into  cement  pipe. 

Cement -lined  Pipe  in  Use;  Number  of  Breaks  or  Leaks  (Paterson,  N.  J-^ 

(A.  W.  Cuddeback,  Passaic  Water  Co.) 


Year 

Miles 

26.8 

Breaks 

Year 

Miles 

Break 

1898 

113 

i         1903 

15.6 

60 

1899 

24.1 

100 

1904 

15.2 

59 

1900 

21.2 

109 

1905 

10.3 

19 

1901 

18.3 

82 

1906 

7.4 

17 

1902 

16.8 

66        1 

1907 

7.2 

33 

PART  IV 

DISTRIBUTION  OF  WATER 


CHAPTER  XVIII 

CAST-IRON  PIPE  AND  SPECIALS 

Water  is  distributed  in  most  American  towns  and  cities  through  cast-iron 
pipes.  Sept.  10, 1902,  New  England  W.  W.  Assn.  adopted  a  standard  schedule 
of  siies,  shapes  and  thicknesses  and  standard  specifications  for  cast-iron  pipe 
and  special  castings  which  have  been  widely  adopted.  Subsequently  other 
q)ecifications  and  tables  of  dimensions  and  weights  were  issued  by  the  Am. 
8oc.  for  Testing  Materials  (Nov.  15,  1904),  U.  S.  Cast-iron  Pipe  &  Foundry 
Co.,  Am.  Cast-iron  Pipe  Co.,  Am.  Foundrymen's  Assn.,  and  Canadian  Soc. 
C.  E.,  which  are  essentially  like  those  adopted  May  2,  1908,  by  Am.  W.  W. 
Attn,  and  regarded  as  the  manufacturers'  standard.  The  N.  E.  and  Am.  W. 
W.  associations  publish  their  standards  in  pamphlet  form,  for  sale  by  the 
Kcretaries  at  a  nominal  charge.  Between  the  two  specifications  there  are  but 
few  differences,  but  the  schedules,  and  the  pipes  and  specials  made  from 

TaUe  96.    Number,  Position  and  Weight  of  Set-screw  Bosses    and  Bolt  Lugs 
on  Special  Castings  and  Valves  for  Securing  Them  in  Pipe  Lines 


m»_       a 

No.  of 

pairs 

Poeition  of  boMHes  aod  lug8. 

Wt.  of  I 

nHun.  of 

No.  of 

of  Iw 

Horiiontal  diam.  taken  as  0** 

boss   or 

?r 

boMM 

1  pr.  of 
lugs 

0.8 

Speciab 

ValvM 

Str.  way  br. 

Y  branch 

B.O.  br.          Valves 

4 

3 

0'*&30** 

30°&90°  . 

6 

3 

O^^&SO** 

30°<fe90** 

0.8 

8 

3 

0^&30*' 

30°<fe90° 

0.9 

10 

3 

0°&30° 

30°&90'' 

1.1 

12 

« 

4 

2 

0**&90*' 

0''<fe90° 

0° 

7.7 

14 

« 

4 

0**&90*' 

7.9 

16 

6 

2 

0**&60** 

30**&90**    '    0°&60*'  '  0° 

1 

8.8 

20 

^ 

6 

1  0'*&60'' 

30'&90° 

0°«&60*' 

9.2 

24 

6 

6 

0°<fe60° 

30'*&90** 

0°&t>0° 

9.1 

30 

6 

5 

'  o^&eo** 

30°&90° 

tU°&60° 

12.8 

36 

6 

O^^&GO'* 

30**&90° 

13.2 

42 

8 

0'*45**90** 

22r<fe67r 

13.8 

48 

8 

.  0'*45**90° 

22r&67r 

14  2 

I^I^OTK.    In  giving  the  positions  of  lugA  and  bosses  above,  the  smalleHt  an^Ie  from  either  end  of  the 

"^^Hsontal  diam.  ia  given  in  each  caso,  disrcKarding  the  tlirection  of  reokonins. 

.      On  hydrant  branches  are  3  bosses,  one  on  diam.  parallel  to  iniiin  pipe  und  the  other  two  at  30** 

'>^>fn  this  diam. 

.(^Curves  with  lujp  for  bridge  conncrtions,  etc. — 20"  and  largor,  have  4  pairs  of  lugs  on  bells,  on 

*^  diam.,  and  4  smgle  lugs  approximately  on  45°  diam.  22  in.  from  t«pigot  end. 

^    Above  table  (based  on  practice  of  Met.  W.  W.,  Boston)  or  one  similar,  in  accord  with  local  prac- 

^>Ott«  is  utef  ulf  or  making  pipe  layouts,  ordering  bolts,  etc. 

*  On  eapa,  3  boaees  mstead  of  4  lugs.     In  other  cases  caps  are  iust  like  branches. 

T  Om  piiir  of  lugii  on  horiaontal  diam.,  next  to  dome  is  omitted  for  lack  of  room. 
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them,  differ  materially  because  of  the  methods  of  adjusting  diams.  to  changes 
of  thickness  to  obtain  various  classes  of  pipes  for  various  pressures  in  senrioe. 

In  the  N.  E.  schedule  there  is  an  inconsistency  which  should  be  corrected: 
for  30-in.  and  larger  pipes  and  specials  the  thickness  of  the  bell,  or  socket,  is 
less  than  the  thickness  of  the  barrel  of  the  pipe,  for  the  heavier  classes. 

For  coating  very  large  special  castings  modification  of  .the  specified 
requirements  is  necessary,  since  there  are  not  large  enough  heating  ovens  and 
dipping  vats  in  existence.  A  tar  or  asphalt  varnish  may  be  applied  with  a 
brush  to  the  cold  casting,  after  thorough  cleaning,  or  somewhat  better  results 
may  be  obtained  by  locally  heating  the  casting  with  large  gas  torches  and 
immediat-ely  appl}dng  the  varnish  hot. 

FLANGED  PIPE  AND  FITTINGS 

1 
I 
I 

1915  U.  S.  Standard  Schedule  of  Flanged  Fittings  and  Flanges. — ^Adopted 
Mar.  20,  1914,  by  Joint  Com.  of  National  Assn.  of  Master  Steam  and  Hot 
Water  Fitters,  Am.  Soc.  M.  E.,  and  Com.  of  Manufacturers  on  Standardiza- 
tion of  Fittings  and  Valves.  Effective  Jan.  1,  1915.  Tables  99,  100,  and 
101  contain  committee's  schedule  (which  supersedes  all  previous  schedules); 
it  is  accompanied  by  the  following  notes: 

General, — Size  of  pipe  indicates  inside  diam.  of  ports.    If  flanged  fittings 
for  lower  working  pressure  than  125  lbs.  are  made,  they  shall  conform  in  all 
dimensions,  except  thickness  of  shell,  to  this  standard  and  shall  have  the  guar- 
anteed working  pressure  cast  on  each  fitting.     Flanges  for  these  fittings  shall 
be  standard  dimensions.     All  standard  weight  fittings  shall  be  guaranteed 
for  125  lbs.  working  pressure  and  extra  heavy  fittings  for  250  lbs.  working 
pressure,  and  each  fitting  shall  have  some  mark  cast  on  it  indicating  the 
maker  and  guaranteed  working  steam  pressure.     All  extra  heavy  flanges 
and  fittings  shall  have  a  raised  surface  A  in.  high  inside  of  bolt  holes,  for 
gaskets.     Thicknesses  of  flanges  and  center  to  face  dimensions  of  fitting? 
include  this  raised  surface.     For  fittings  reducing  on  the  run  only  a  lox^ 
body  pattern  shall  always  be  used.     Standard  weight  fittings  and  flang^ 
shall  be  plain  faced.     Steel  flanges,  fittings  and  valves  are  recommended  ^^* 
superheated  steam. 

Bolts, — Square  head  bolts  with  hexagonal  nuts  are  recommended.  'Ro^^ 
to  be  i  in.  larger  in  diam.  than  bolts  and  to  straddle  center  lines. 

Elbows, — Standard  and  extra  heavy  reducing  elbows  c^rry  same  dinc^^^ 
sions  center  to  face  as  regular  elbows  of  largest  straight  size.  Where  1^^^ 
turn  fittings  are  specified,  reference  is  only  to  elbows  made  in  two  center-^^ 
face  dimensions,  to  be  known  as  elbows  and  long-turn  elbows,  the  latter  b^^^ 
used  only  when  so  specified.  Double-branch  elbows,  side-outlet  elbows  ^'^ 
side-outlet  tees,  whether  straight  or  reducing  sizes,  carry  same  dimensi^^^ 
center  to  face  and  face  to  face  as  regular  tees  and  elbows.  Double-bra^^^ 
elbows  arc  not  made  reducing  on  the  run.  Y's  are  special  and  made  to  ^*-^ 
conditions. 

Tees  J  Crosses  and  Laterals. — Standard  and  extra  heavy  tees,  crosses  <«-^ 
laterals,  reducing  on  run  only,  carry  same  dimensions  face  to  face  as  h 
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Tabts  100.     Standard  Fittings  [except  sltort  body  redncen) 
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it  sise.  Bull-head  tees  or  tees  increasing  on  outlet,  shall  have  same 
-to-face  and  face-to-face  dimensions  as  a  straight  fitting  of  the  size  of 
itlet.  For  tees,  crosses  and  laterals,  16  in.  and  smaller,  reducing  on 
,  use  same  dimensions  as  straight  sizes  of  the  larger  port;  18  in.  and 
,  reducing  on  outlet,  are  made  in  2  lengths,  depending  on  the  size  of  the 
.  as  given  in  Table  102. 


Table  101.     Standard  Short  Body  Reducers* 

(All  dimensions  in  inches) 


Standard  weight.    Working  pressure,  125  lb. 
per  sq.  in. 


Tees  and  crosses 


Mai. 

siie  of 
outlets 


12 
14 

15 
16 
18 

48 
20 
20 
22 
24 

24 
26 

28 
28 
30 

32 
32 
34 
36 
36 

38 
40 
40 
42 
44 

44 

46 

48 
48 
50 

52 
52 
54 
56 
56 

58 
60 
60 
62 
64 

64 
66 


13 
14 
14 
15 
16 

16 
18 
18 
19 
20 

20 
22 
23 
23 
24 

26 
26 
27 
29 
29 

31 
33 
33 
34 
35 

35 
37 
40 
40 
42 

43 
43 
44 
47 

47 

48 
50 
50 
52 
53 

53 
55 


15* 

17 

18 

19 

20 

21 
23 
24 
25 
26 

28 
29 
30 
31 
33 

34 
35 
36 
37 
;  39 

40 
41 
42 
44 
45 

46 
47 
48 
49 
50 

52 
53 
54 
56 
57 

58 
61 
62 
63 
64 

65 
67 


Laterals 


Max. 

,   sise  of 
I  branches 


9 
10 
10 
12 
12 

14 
15 


M 


25 

27 

28i 

3ll 

35 

27 
39 


N 


1 
1 

1 


0 
0 


27  j 
29  i 
31 
341 
38 

40 
42 


7 


d 


\j 


Short  Body 
Reducing  Tee 


Short  Body 
Reducing  Lateral 


Extra  heavy.    Working  pressure, 
250  lb.  per  sq.  in. 


Tees  and  crossesf!        Laterals t 


M 


N 


14 

17 

15* 
16} 

18i 

20 

17 

2U 

19 

23 

19 

24 

20} 
20( 

25} 
261 

22 

28 

23i 

29i 

23  i 

30 

25 

31 

26 

33 

26 
27 

34 

35 

29 

37! 

\ 

31 
34 
37 
41 


3 
3 
3 
3 


32} 
36 
39 
43 


hJ'^rXj 


dl  h 


-K-*i 


r 


J 

± 


Short  Body 
Reducing  Cross 


Long  Turn  Elbow 
and  Reducer  are  not 
Specified  for  Heavy 

Pressure  Larger  than 
48  In. 


'  minixnuin  metal  thickness  allowed,  see  Table  100,  page  382. 
^<unum  stie  outlet  and  branches,  same  as  for  Standard  Weights. 
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Thickness  of  Cast-iron  Water  Pipes.'*'  The  heads  in  feet  to  which  the 
cast-iron  pipe  thicknesses  specified  by  New  England  W.  W.  Assn.  conform, 
are  given  by  the  formula: 

iH  +  H.)  =  15206J«-a25)^   ^^   ^^  ^  ^^^  ^    6600  (t-O^) 

H  =  head,  ft.;  P  =  pressure,  lbs.  per  sq.  in.;  t  =  thickness,  in.;  d  =  diam., 
in. ;  Hr  and  P,  being  allowances  for  water  hammer.  Committee  of  Am.  W. 
W.  Assn.  recommends  the  following  values  for  Pri 

d,  inches 

4,  6,  8,  10 
12  and  14 
16  and  18 

20 

24 

30 

36 
42  to  60 


r,  I66w 

Pry  lbs.  per  sq.  in 

277 

120 

254 

110 

231 

100 

208 

90 

197 

85 

185 

80 

174 

75 

162 

70 

Fanning's  formula  for  thickness  in  inches,  t: 

+0.333(1  -j^)     . 


'  "        1.65 
S  =  ultimate  tensile  strength  of  cast  iron,  lbs.  per  sq.  in. 

One  of  the  heaviest  cast-iron  pipes  known  is  at  Scranton,  Pa.,  where  there 
3  miles  of  48-in.  pipe,  parts  of  which  are  under  600-f t.  head ;  the  pipes  are 
2  in.  thick.  It  has  been  found  by  experience  that  for  handling  over  rough 
roads,  30-in.  cast-iron  pipe  should  not  be  less  than  J  in.  thick. t 

STRESSES 

Stresses  Due  to  Refill,     Forces  considered :  internal  static  pressure,  water 
hammer,  those  caused  by  earth  refill  over  and  around  pipe. 

d  =  inside  diam.,  in. 
i  =  thickness,  in. 

F  =  depth  of  earth  above  top  of  pipe,  ft. 

8  =  permissible  stress,  lbs.  per  sq.  in. ;  4000  for  cast  iron  (equivalent  to 
safety  factor  of  6  for  good  iron) 
W  =  weight  of  earth  over  1  lin.  in.  of  pipe;  assume  115  lbs.  per  cu.  ft.,  and 

outside  diam.  of  pipe  1.05  d;  W  =  0.84  Fd 
di  =a  average  diameter  of  shell  =  about  1.025  d 
M  =  breaking  moment  normally  present  from  earth 
=  ATrdi=  0.0538  Fd  2 

Resulting  maximum  circumferential  stress  in  metal  is 

iS>i  =  6  Af  -5-  <*  =  0.323  Fd*  -^  f^)  stress  available  for  resisting  water 

•J.  T.  Fanning,  Proc.  Am.  W.  W.  A«in.,  1903,  p.  693. 
t  M.  B.  Palmer,  Eng.  Contr..  Nov.  30,  1910. 

25 
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pressure  is  4000  less  this  amount;  of  which  i  is  allowed  for  water 
ram.     Hence  stress  allowable  for  resisting  static  pressure  is: 

^2  =  §(4000  -  0.323Frf2  ^  ««) 

H  =  head  in  ft.  that  can  be  carried  by  a  given  stress. 

H  =  (12500  t-h  d)  -Fd^  i 

Allowing  0.10  in.  in  country  pipes  and  0.25  in  city,  for  inaccuracies  of 
manufacture,  etc. 

t  =  25QQQ  {H  -f  VSOOOO  F  -f-  //2)  4-  0.10  (country) 

t  =  25000  (^^  +  V50000  F  -f  H^)  4-  0.25    (city) 
General  formula: 

<  =  g  245  (^  +  \/27.5  FS'-^  m)  -f  0.10   (country) 

t  =  g  245  (^  +  V27.5  FS  +  //')  -f  0.25    (city) 

(A.  Hazcn,  J.  N.  E.  W.  W.  A.,  Vol.  25,  1911) 

Assuming  that  pressure  due  to  refill  is  vertical  and  uniformly  distributed 
over  upper  surface  of  pipe,  with  no  considerable  horizontal  pressures  against 
pipe,  clastic  flattening  y,  in  in.,  or  reduction  of  vertical  diam.  of  relatively  thin 
pipe  is: 

y  =  tr((/  -f  0*  -^  Sfe"^',  whence  w  =  ^Ethj  -^  {d  ^  t)^ 
w  =  uniformly  distributed  vertical  load  per  sq.  in.,  lbs. 
E  =  modulus  of  elasticity  of  pipe  metal  =  11,000,000  for  cast  iron  and 
30,000,000  for  steel  and  wrought  iron. 

Data  from  expericMicc  or  experiment  are  few,  but  assume,  where  heavy  road 

• 

rollers,  etc.,  do  not  pass  over  pipe,  that  at  least  f  weight  of  refill  acts  as  uni- 
formly distributed  vertical  load  on  pipe  and  produces  circumferential  bending 
stresses.     Whence  maximum  stress  in  outermost  fiber,  S  =  0.375  w{d  -f-  0'  "^ 

t^.  Assuming  refill  0  ft.  deep  at  115  lbs.  per  cu.  ft.,  S  =  1.2  (~y~)*-  ^^ 
general,  (^  -{-  t)  -i-  I  =  37  for  thinnest  large  cast-iron  pipes  and  193  for  thinne^^t 
large  steel  pipes.  Severe  circumferential  stresses  are  caused  in  cast-iron  pipe^ 
by  settling  of  several  lengths,  producing  leverage  pressures  in  joints  on  tope 
and  bottoms  of  spigots.  Assume  this  load  vertical,  uniformly  distributed 
over  horizontal  mean  diam.  and  on  effective    width  of  2  in.,  and  resisted 

by  12  linear  in.  of  spigot  end  of  pii)e;  then  unit  load,  w  =  16s  (  j~t:|)  ' 

Taking  27,000  lbs.  per  sq.  in.  as  ultimate  strength  for  cast  iron  in  flexure,  for 

36-in.  pipe,  1  in.  thick,  w  =  316  lbs.  per  scj.  in.     (E.  Kuichling,  Jl.  N.  E.  W.W. 

Assn.,  Vol.  25,  1911.)     Sec  also  Bulletin  22,  Eng.  Expt.  Sta.  Univ.  of  Illinois, 

\.  Talbot,  1908;  E.  X.,   Dec.  15,  1904,  W.  W.  Patch;  D.  D.  Clarke, 

S.  C.  E..  1894,  Vol.  38. 
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Flenbte  Ball  Jointe  (Am.  Spiral  Pipe  Wks.)  F^.  211.  Parts  are  «»■ 
ratoly  machined,  thus  making  tight  joint.  Outer  bell  is  reinforced  near  I 
Retaining  flange  or  ring  is  constructed  to  allow  a  deflection  of  20°.  It  il 
made  to  bolt  to  flange  or  outer  bell,  and  supports  not  only  body,  but  t 
joint,    Rexible  joints  are  ditu^usscd  on  p.  404  also. 


Flo.  212.— Joint  for  20-in. 
hi Kh -pressure  mains,  Man- 
hattan, i 

Conry  IsUnd  pip<"<  orrfi  tmlcd  undn- £25 1I».:  normal  prnuurp  I2S  III*.    Siia  16  in.  ind  llii-    i 
Juinl  dimciuioni  for  le-in    [upc,  I  and  lin.  thick,  Btnihawn.    Eitra  thirkiim  provklH  I* hH-    ' 

Uigh-pressuie  Fire  Hpe.  Tests  made  in  New  York  on  an  ordinuy 
poured  lend  joint  in  »  12-in.  east-iron  pipe  showed  that  it  held  up  to  7501b. 
per  sq.  in.,  the  highest  test  pressure  obtainable. 


.r-*i 


KlG.  214.— Jciints  f.ir  liiKli-]' rcs.su it  nmiii.s,  Onitlana,  Cal. 

(Prtssurr,  ilHI  llj.  |«T  H.iiiKr.'  inoL.      K.  R  ,  July  2.1.  lOtO  1 

Table  IM.     Thickness  of  Hew  York  City  Cast-iron  High-pressure  Fire  Pipe 


rpw 

■ri,L.kr,.~,..  in. 

F»«or  of  Mlnv 

24 

1       II 

l!t20 

10  4 

20 

H 

20()0 

10  0 

16 

1920 

10.4 

12 

ISOO 

11,1 

S 

i 

1.371 

14  R 

Kirally  of  cast  stool ;  a  larc* 


The  3-way  and  4-wh.v  ri[H'ciiil  castings  a 
Kufety  factor  being  provided. t 

Universal  Cast-iron  Pipet  has  an  iron-ln-imn  joint  consit<ting  of  a  shallow 
eonical  Imb  with  ;hi  aceurntely  iii.aebitieil  liearing  surface  and  a  corresponding 
wli'irt  roniral  niurliincd  spigul,  Ihc  ta|>cr  of  llie  spigot  being  J  deg.  sharpp^ 
than  thai  of  the  hub.  (Stx-  Fig.  210.)  Kaeh  hub  and  each  spigot  have  a  pail 
of  bijll  luRs,  fur  ordinary  prossiirns,  and  two  pairs  equally  spaced  for  higt 
pressuri's:  in  the  former  rafse,  the  bolts  are  at  the  ends  of  the  horizont*. 

•E.  lt.,MB;Zn,  1(»5. 

!E.  R..  Mnroha.";,  1!I0;V  p.  3t4. 
CcDtral  Fuumlf/  Co.,  90  Wpi.i  at.,  N.  Y.  C. 
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1.  E.  Mil 
\,  Am.  W 

Fig.  215. — Diagnini  of  costs  of  cast-iron  water  pip 

(Classes  A.  B.  C.  D.  Am.  W.  W.  Ass'n.) 

Fig.  215  is  useful  in  making  estiinatos  as  prices  of  cast-iron 
by  makers  by  the  ton,  while  the  engine(T  is  generally  interest 
linear  foot.  Most  manufacturers  use  Am.  W.  W.  s{)ecifications 
and  cost  per  ton,  as  siiy,  24"  Class  1),  and  S25.25  per  ton,  lav 
through  these  lines  on  right  and  left  lines  respectively,  and  re 
foot  on  center  line. 
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castings.  For  large  conduits  some  engineers  consider  it  better  to  use  several 
small  cast-iron  pipes,  or  else  steel;  increasing  the  number  of  pipes  increases 
all  elements  of  cost  greatly.  Board  of  Water  Supply,  N.  Y.,  laid  cast-iron 
pipes  up  to  48  in.  in  city  streets,  and  66-in.  steel.  The  latter  have  lock-bar 
longitudinal  joints  for  plates  y\  in.  thick,  and  riveted  joints  for  thicker  plates, 
determined  by  capacity  of  lock-bar  machines.     (See  p.  314.) 

Connections  at  Intersections.  Mains  which  cross  should  be  connected  at 
some  of  their  intersections  to  allow  water  more  complete  circulaf  ion  through- 
out the  entire  system,  so  that  if  the  supply  at  any  point  is  temporarily  cut 
of!  from  one  direction  by  closing  valves  for  repairs,  or  is  diminished  by  ex- 
cessive demand,  it  may  be  maintained  from  other  directions. 

Life  of  Cast-iron  Pipe.  A  section  of  12-in.  cast-iron  service  pipe,  made  by 
the  Washington  Iron  Works,  Newburgh,  N.  Y.,  laid  in  1854,  as  a  portion  of  the 
mains  of  that  city,  was  dug  up  in  1909.  The  casting  was  origiimlly  -ff  in. 
thick,  and  was  buried  in  ordinary  meadow  land;  long  service  had  produced 
very  little  reduction  in  section;  the  outside  appeared  in  almost  the  same 
condition  as  when  laid,  having  been  protected  by  a  deposit  of  alkaline  scale; 
the  inside  showed  some  pitting  and  corrosive  effects.  Cast-iron  pipes  laid  in 
Paris  and  Versailles,  France,  in  the  17th  century,  are  reported  still  in  service. 

London  and  Glasgow  have  records  of  120  years*  service  for  C.  I.  pipe.* 
Pipes  intended  for  150  ft.  head  were  used  in  Lowell,  Mass.^from  1830  to  1890 
under  200  ft.  head  without  signs  of  failure. f  Examination  in  1913  of  484n. 
pipe  laid  in  1867  near  the  large  reservoir  in  Central  Park,  N.  Y.  City,  in 
low-lying  ground,  wet  most  of  the  year,  showed  outside  coating  practically 
perfect.!  In  1897,  1000  ft.  of  22-in.  pipe,  laid  in  1817  in  Philadelphia,  was 
taken  up  almost  perfect  in  external  conditions.  Loss  of  waterway  section  due 
to  tubercles  was  4.2  i>er  cent.§    Soe  also  page  407. 

Pressures  in  Distribution  Mains.  With  properly  proportioned  distribu- 
tion systems  and  coniprohonsive  schemes  of  fire  fighting  with  fire-engines, 
hydrant  pressures  of  30  to  40  11 «.  are  as  good  as  GO  to  80;  additional  pressure 
will  not  be  of  material  advantage  to  engines;  an  engine  can  pump  an  ade- 
quate supply  so  long  as  the  pressure  on  the  hydrant  is  sufficient  to  deliver 
water  to  the  engine.  It  is  more  necessary,  from  fire  insurance  standpoint, 
to  have  adequate  main  capacity  than  high  pressure.  Higher  pressure  allows 
smaller  mains,  but  in  such  ratio  that  it  is  usually  more  economical  to  use 
larger  mains,  unless  pip(^s  are  costly  and  high  gravity  pressure  easily  avail- 
able. Maintaining  high  pressures  in  distribution  systems  for  sprinkler  sen*- 
ice  is  questionable;  New  York  Fire  Insurance  Exchange  has  refused  to  con- 
sider the  city  suj)i)ly  as  a  satisfactory  source  for  si)rinkler  service,  as  it  13 
generally  mct(T(Hl,  and  fluctuations  are  liable,  beyond  control  of  the  building 
owner;  two  indei)end<'nt  sources  for  sprinkler  service  are  demanded  beforp 
reducing  fire  rates.  In  villages  and  small  towns  n^asonably  high  pressures 
in  mains  will  make  fire-engines  unnecessary. 

The  pn^ssuro  on  the  strt^ot  mains  of  a  (nty  necessary  to  give  a  satisfactor}' 
domestic  service,  deiMMids  on  bights  of  buildings.     With  house  pipes  of  reason- 

•  M.  R.  De  Pugh.  T.  A.  S.  C.  E..  Vol.  7fi,  191.'i. 

ij.  B.  FranciH,  T.  A.  S.  (\  K  ,  Vol.  24.  1S91. 
W.  W.  Brush,  T.  A.  S.  (\  K  .  V..I.  78,  19ir>. 
8.  T.  Wagner,  T.  A.  S.  C.  K.,  Vol.  78,  1915. 
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For  large  pipes,  enlargemeDts  of  the  trenvli  are  made  at  eaci 
room  fur  culking;  these  are  comniunly  called  bell  lioies. 

Tkble  IM.     Trench  DeUils,  Solid  Lead  Joints  and  Spacing  of 
Caat-iron  Pipe  Lines 
(Metropolitan  (Boston)  Waterworks  Standards) 


Bued 

00  Ne»  Eogluul  Wate 

Wotka  SMnd&rd  Pipe 

& 

VI 

Width  of 

Ruth]  Rock 

' 

f*         H 

Rwk 

Wood 

iD 
ill 

4 
6 
8 
10 
12 

14 
16 
20 
24 
30 

36 
42 
48 
84 
60 

2.0[  3.5 
2  0'3.5 

2  Oi  4.0 
2.0    4.0 

0   14  1  0  55. 

^    6.16'  0  92          - 
-■■     O.lfi.   1    11)   - 

1         1         ■           1 

, 

2.5    4.5 
2.7    4.5 
3  0    5  0 
3.5'  5.5 

1 
4.0    6.0 
4.5    6.5 

5  0    7.0 
5.5  ■7.5 

6  0    8.0 

1.8 
2.2 
2.5 

3  2 

3.7 

4  3 
4.8 
5.4 
5.9 

0  19     1   6«  0  00 

0.21     2  03;  1.10 
0.22     2  39I  1   25 
0.23.  2.95,  1.00 

1 
0.25!  3.50I  1.85 
0  27  ,  4.01'2.13 
0.211     4.5!l  2.40 
n.30     r,   12|2.70 
0.31     5  r>7l2.05 

1  23 
1   43 

1   58 

1  93 

2.18 

2  46 

2  73 
3.03 
3.2s 

2X10X30 
2X10X30 
2X10X30 
3X10X36 

3X10X36 

3X10X42 
3X10X48 
3X12X54 
3X12X60 

5 

3 

2 
2 

1 

"%^,,d 


If  joint  apace  is  unusually  narrow,  or  pipes  nre  deflected  exti 
rigidity  is  desired,  or  for  other  si)cciiil  reasons,  ynrn  is  son 
and  the  joint  made  solid  with  lead.  In  the  latter  case  a  iitt 
used  inside  the  pipe  to  stop  the  Iciid  fn)m  (l<nvin(£  through,  01 
strand  of  yam  ia  driven  into  the  bottom  of  the  joint. 
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I  i  Si's 


ifli 
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'S'S'|=<  ■-    "* 

KIg  pi 
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lii  If 

in  ^  ,   !fii 

1-5°  .  Ill* 

ifll 

m 
r;ii 
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Table  108.  of  Pipe  Curves*  (Special  CaBtin 

Water  Ass'n.  Standard) 
Angles,  Tangents,  f  24  in.  to  60  ii 


r  -51");  ft  (lin:  A  C 

TV<^  reiiuirol.     (a)  Ini^lusi 
runlely  laid:   Bctuilly  thi 
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'able  107.  Trigonometric    Functions    of    Pipe   Curves   (Special   Castings)   for 

Siphons  and  Offsets 


a 


tan  9 


2v  +  z 

R{1  -cos  9)  -+   ^Saintf 

R  Bin  9  ■{■  S  co«  6 


For  M-curvea  &  4*  to  12' 
^6-curvc8 


s 

S  sin  $ 

ScoB$ 

In 

Ft. 

4 

8 

10 

12 

0.33 
0.67 
0.83 
1.00 

0.236 
0.067 
0.833 
1.000 

0.236 
0.0 
0.0 
0.0 

For  S  wc  tables  eivins  dimen- 
sions of  special  caittings. 

(N.  E.  or  Am.  W.  W.  Assn. 
Tables.) 


Angle 

Pipe 
diam.. 

Rad. 
of 

Natural  sine 

Natural  cos 

«(l-co8 

Natural  tan 

Cttrre 

For 

For 

For 

For 

For 

For 

9 

in. 

curve, 
ft.  R 

rad. 

rad.  of 

rad. 

rad.  of 

e) 

rad. 

rad.  of 

I 

-1 

curve 

-1 

curve 

-1 

curve 

W 

4-12 

1.33 

1.00 

1 .  333 

0 

0 

1.333 

00 

00 

14 

1.50 

1.00 

1.500 

0 

0 

1.500 

00 

CD 

lft-20 

2.00 

1.00 

2.000 

0 

0 

2.000 

CO 

00 

24 

2.6a 

1.00 

2.500 

0 

0 

2.500 

00 

00 

1 

45" 

4-12 

2.00 

0.7071 

1.414 

0.7071 

1.414 

0.586 

1.000 

2.000 

14-16 

3.00 

0.7071 

2.121 

0.7071 

2.121 

0.879 

1.000 

3.000 

20 

4.00 

0.7071 

2.828 

0.7071 

2.828 

1.172 

1.000 

4.000 

24-30 

5.00 

0.7071 

3.536 

0.7071 

3.536 

1.465 

1.000 

5.000 

36-60 

7.50 

0.7071 

5.303 

0.7071 

5.303 

2.197 

1.000 

7.500 

f^ 

22*'-30' 

4-12 

4.00 

0.3827 

1.531 

0.9239 

3.696 

0.304 

0.4142 

1.667 

14-16 

6.00 

0.3827 

2.296 

0.9239 

5.543 

0.457 

0.4142 

2.485 

20 

8.00 

0.3827 

3.062 

0.9239 

7.391 

0.609 

0  4142 

3.314 

24-30 

10.0 

0.3827 

3.82;^ 

0.9239 

9.239 

0.761 

0.4142 

4.142 

36-60 

15.0 

0.3827 

5.741 

0.9239 

13.859 

1 .  142 

0.4142 

0.213 

A 

11**  15' 

24-60 

20.0 

0.1951 

3.902 

0.9808 

19.016 

0.384 

0.1989 

3.978 

h 

S**  37'  30" 

30-60 

40.0 

0.0980 

3.920 

0.9952 

.19.808 

0.192 

0.0985 

3.940 

b.'' 


This  table  is  useful  in  field  and  office  for  pipe  layouts  to  pass  beneath  or  over  sewers,  other  con- 
diiU,  streams,  etc.,  or  around  obstacles. 

Laying  Out  Combined  Pipe 
^ds.  When  both  horizontal 
^  vertical  deflections  occur  at 
*^e  point  in  a  cast-iron  pipe  line, 
^  one  special  need  be  employed, 
^Wumgh  it  is  not  uncommon  to 
^  each  bend  made  separately, 
^  to  difficulty  in  computing  the 
^^  of  the  skewed  special.  Two 
"^  give  lengths  about  1.5  times 
^  bend,  thus  increasing  cost  of 
l*pe,  as  well  as  friction  losses.  C. 
A.  Jackson  (E.  N.,  Aug.  11, 1910) 
^elops  following  formulas:  "  Pro- 


Profile 

(Developed) 


D 


I — ^zlx 


Fig.  217. 


pUne"  designates  vertical  plane  through  center  line  of  either  pipe.  Fig. 
^^7  shows  plan  and  profile  of  two  pipe  lines  A  and  B,  to  be  connected  by  curve, 
''^hoae  tangent  distances  are  represented  in  plan  and  profile  by  dotted  lines. 
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Let  ^1  =  angle  of  inclination  from  horizontal  of  pipe  A 
B,  =  angle  of  inclination  from  horizontsl  of  pipe  B 
C  =  horizontal  angle  between  "profile  planes" 
D  =  angle  of  special  in  plane  of  bend*  (90°  for  i  bend) 
L  =  angle  between  plane  of  bend  and   horizontal   plane   tbrougb 

horizontal  diameter  of  pipe  at  b 
M  =  angle  between  plane  of  bend  and  horizontal  plane  through  hori- 
zontal diameter  of  ))ipo  at  a 
Y  =  chord  of  special,  =  distancefromotofc.measuredin  planeof  bend 
X  =  distance  horizontally  from  o  to  fc 
Z  =  difference  in  elevation  between  a  and  b 

F'  =  A'^  +  Z'  (I) 

cos    />  =  cos  At  COS  B,  cos  C  +  sin  .4,  sin  S,  (2). 

cos    t  =  eos  A,  sin  C  -5-  sin  D  (3) 


Angle  D  determines  wliat  special  fits  the  given  case;  angles  L  and  M  are 
necessary  in  driUing  bolt  holes  in  flanges.     See  also  p.  335 


I''r<;.  'JIK. — French  pipc-t-ultirm  machine.         Fiii.219. — FrenchleadjointrcmoTer. 

Fig,  21«.— t  N".  1  fur  use  on  2-,  4-,  6-,  and  8-in,  mains.  No.  3  for  ID-,  12-.  1*" 
and  10-io.  ninins.  No.  3  for  18-,  20-  and  24-in.  main*.  No.  4  for  30-  and  36«»  ■ 
mains,  No.  0,  42-  and  48-in.  With  French  pipe  cutter  pipe  can  be  cut  »»*S 
without  breaking  or  starting  next  joint;  saves  nmtcrial  and  time.  No.  1  islirt^*' 
at  8250  and  weighs  184  ibn.;  No.  2,  »350,  350  lbs.;  No.  3,  »500,  580  lbs.;  No.  '•■ 
$700,  750  1h3.;  No.  5.  SlOOd,  SMWIba.  - 

Fig.  219.— t  No.  1  tor  use  on  4-,  6-  and  8-in.  mains.  No.  2  tor  10-,  12-,  lA-M"** 
lO-in.  mains.  No.  3  for  1M-,  20-,  and  24-in.  muins.  Frenchlead  joint  remover do^* 
not  injure  pipes,  ami  pUigs  or  valves  are  saved  for  future  use.  Removes  It**-" 
in  one-qu!irter  the  time  reipiired  by  old  nietliod.  Makers  combine  pipe  cutt«* 
and  lead  joint  ri-niover  at  small  addition  to  cost  of  cutter.  Pipes  from  whie*" 
heads  have  been  cut  i-an  be  fbied  so  tliiit  they  will  not  draw  out  of  the  b«lte' 
by  culling  Iwo  ()r  Ihree  primves  on  ilie  end  of  <'ach  pipe  eo  that  when  leade" 
into  bells  tlic  re.*i.*tance  is  us  great  as  if  beaded.  No.  1  is  listed  at  SIMHX* 
weighs  210  lbs. ;  No.  2,  $320.  200  lbs. ;  No.  3,  S480,  340  lbs. 

■  V\ABe  nf  licnri  ii  nlano  .lR1iTmin<><l  by  two  intrrBcctiag  rfnlec  linea  of  pips. 

t  A,  P.  Smith  Ml([.  Co..  NVwnrk,  \.  i.  : 
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ipection.  Pipe  laying  should  be  constantly,  conscientiously  and  in- 
ntly  inspected,  and  all  pipes,  six^cials,  valves  and  other  fittings  should  be 
illy  examined  for  incipient  cracks  and  other  defects  just  before  laying. 

Table  108.    Labor  Cost  of  Cutting  Cracked  Pipes* 


Diam.. 

in. 

Men 

Time,  min. 

Cost  at  20  cts. 
per  hr. 

V 

24 

4 

25 

33  centfl 

20 

4 

25 

33 

16 

2 

20 

14 

14 

2 

20 

14 

12 

2 

20 

14 

10 

2 

20 

14 

8 

2 

10 

7 

6 

? 

10 

7 

4 

§ 

10 

7 

einforcing  Weak  Castings*  In  obtaining  an  emergency  supply  for 
jester,  Mass.,  Sept.,  1911,  no  time  was  available  for  returning  to  the  pipe 
dry  30-in.  pipe  castings  not  up  to  the  specified  thickness.  A  local  foundry 
nk  on  circular  reinforcing  bands  of  steel,  giving  a  factor  of  safety  of  3  or  4. 
:.  R.,  Oct.  21,  1911,  p.  473.) 

CALKING  PIPE  JOINTS 

Bell,  or  Socket,  Joints  in  cast-iron  and  similar  pipes  are  made  with  molten 
I,  lead  wool,  or  shredded  lead,  or  leadite.  These  fill  the  outer  half  of 
^t  depth  usually,  the  remainder  having  previously  been  tightly  packed 
'b  jute  yam  or  oakum,  driven  with  a  yarning  tool  and  hammer.     For 

table  109.    Weight  of  Cast  Lead  and  Yam  per  Joint  in  Cast-iron  Pipef 


Depth  of  lead 

a. 

2i 

ji. 

U 

in. 

1 

Lpad,  lb. 

in. 

Yarn,  lb. 

0.451 
0  579 
0.848 
1.04 

Lead.  lb. 

Yarn,  lb. 

Lead,  lb. 

5.01 

6.88 

8.75 

10.73 

Yarn,  lb. 

0 .  329 
0  424 
0 .  605 
0.742 

4 

6 

8 

10 

6.32 

8.68 

11.03 

13.53 

0  251 
0.321 
0.471 
0.578 

3.16 
4  34 
5.51 
6.76 

12 
14 
16 
18 

15.88 
18.67 
21.03 
23.68 

0.582 
0.684 
0  642 
0.867 

12  60 
14.81 
16.68 

18.78 

0 .  775 
0  912 
0.899 
1.157 

7.94 

9 .  33 

10.51 

11.84 

1.05 
1.23 
1.36 
1   56 

20 
24 
30 

36 

• 

26 .  33 
31.04 
38.17 
45.28 

0.966 
1.137 
1  631 
1.94 

20.88 
24  61 
30  37 
36 .  96 

1.288 
1.516 
2.175 
2.58 

13.16 
15  52 
19.08 
22  64 

1.74 
2.05 
2.94 
3.49 

42 
48 

68.32 
77.6 

2.92 
3 .  32 

54 .  24 
'     62  20 

3.89 
4.41 

34.16 
38.8 

5.26 
5.97 

tPUtaburgh  Mfg.  Co., 

Ifidth  of  joint  =0 


PitUburgb,  Pa. 

4'^  for  3-  to  14-in.  pipe,  J"  above  14  in. 
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molten  joints  a  roll  of  moist  clay  formed  around  some  yam  has  comiiionlf 
been  used  to  stop  the  face  of  the  joint  during  pouring,  but  the  Star  pips 
jointer  (Water  Works  Equipment  Co.,  N.  Y.)  and  similar  devices  are  pre- 
ferred by  many.    Jointers  are  made  for  each  size  of  pipe.    Jointers  are  mads 
of  fabric  packing  reinforced  by  flexible  metallic  bands,  with  a  gate,  or  opeo- 
ing  for  pouring  into,  and  a  clamp.    Jointers  should  be  kept  moist  while  in  uff. 
Lead  Wool  Joints.    Experiments  showed  the  impracticability  of  usos 
pneumatic  calkmg  with  regulation  cast  lead  and  yam.     Hand  work  with  W 
wool  is  expensive.    Lead  wool  is  calked  as  follows:  Strands  i  in.  diam. 
and  2  to  3  ft.  long  are  reroUed  until  fairly  hard,  not  as  thick  as  originally,  tsi 
tapered  slightly  at  each  end.     Each-strand  is  calked  into  the  joint  separatdj, 
taking  care  to  break  joints.     When  the  face  of  the  hub  is  reached,  the  joint i 
finished  as  with  cast  lead.    Portable  air  compressors  are  used.    Under  «fr 
cient  foremen,  a  calking  gang  on  a  48-in.  line,  completed  8  joints  in  10  hn; 
cost  per  joint  $4.72,  including  depreciation,  against  estimated  cost  $7.11  ftf 
hand  work,  saving  33  per  cent,  (material  not  included).     Speed  also  wi» 
gained;  an  important  consideration  at  street  intersections  where  minimun 
interference  with  traffic  is  essential.    Two  men  could  do  5  joints  per  day,* 
against  2  by  hand;  15  per  cent,  more  lead  could  be  put  in,  giving  a  tighter 


lorye  Pouring  Ladle 


Yorninq      Calklna 
Tool  ^         Tool  ^ 


Fk;.  220. 


flelting  furnace,  lb*  i 


joint.  Air  pressure  on  receiver  gage  wa.s  about  70  lbs.,  giving  55  to  65  lbs.** 
the  tool,  which  was  sufficient.  The  engineer  should  determine  in  advance  the 
weight  of  lead  wool  to  be  calked  into  each  joint,  according  to  depth  and  width 
of  lead  space,  and  then  should  make  sure  that  no  less  is  put  in.  This  is  one  of 
best  checks  on  quality  of  work  done  by  calkers. — (C.  C.  Simpson,  Pneum»t» 
Calking  with  Lead  Wool  of  30-,  3(>-  and  48-in.  Mains,  Ani.  Gas  Inst.,  19lM 

Calking  Machine.  For  calking  lead  wool  or  molten  lead  joints  in  bell-ftDJ- 
spigot  cast-iron  water  and  gas  pipes,  machines  are  made  by  American  CalkioK 
Machine  Co.,  94  Warren  St.,  N.  Y.  C.  and  by  The  A.  P.  Smith  Mfg.  Q^ 
Newark,  N.  J.,  for  pipes  12  to  72  in.  diam.  No  bell  holes  are  needed  inti* 
trench,  and  the  machine  can  work  partially  submerged. 

Leadite  is  a  composition  of  iron,  sulphur,  slag  and  salt,  finely  ground  ssii 
thoroughly  mixed,  used  for  joints  on  water  and  gas  mains,  soil  pipe,  aefstf 
pil)e,  etc.  Leadite  joints,  when  projwrly  made,  will  stand  250  lbs.  p«  sq.  in.| 
pressure  in  the  pipe.  No  calking  is  recjuired.  The  Water  Department,  Ph3b^ 
delphia,  laid  pipe  from  4S-in.  to  4-in.,  with  leadite  in  1894;  no  leaks  ha\'ebe» 
reported.    Leadite  weighs  118  lbs.  per  (;u.  ft.,  when  melted;  lead,  708  Ibs.^ 
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\  times  as  much.    One  ton  of  leadite  will  fill  more  joints  than  5  tons  of  lead. 

Leadite  is  put  up  in  300-  to  350-Ib.  barreb  and  100-  and  50-lb.  bags.    It  is 

melted  and  poured  like  lead.    Only  about  400''  F.  are  needed.    A  gasoline 

or  kerosene  furnace  is  best.    Leadite  has  been  used  by  Pennsylvania  Water  Co. 

flinoe  1906  on  pipes  up  to  16  in.  diam.  and  for  repairing  42-in.  pipes.    Ordinary 

lead  has  been  abandoned  excepting  for  very  large  pipes,  where  too  rapid 

pouring  and  shrinkage  of  leadite  during  cooling  gave  a  few  leaky  joints. 

Distribution  pressures  from  75  to  210  lbs.  per  sq.  in.    Leadite  is  easier  to 

minipulate  than  lead;  when  cast  in  a  joint,  it  is  hard  and  vitreous;  is  more 

dastic  than  lead;  does  not  squeeze  out  as  docs  lead  in  case  of  settlement  or 

repeated  jars;  is  especially  adapted  to  work  on  curves.    Leadite  joints  in 

124n.  mains  were  involved  in  landslides,  which  caused  but  slight  leakage; 

.  oidinary  lead  joints  would  have  been  blown  out.    For  high  pressures  it  is 

expedient  to  use  slightly  more  leadite  than  called  for  by  Table  111  published 

by  Leadite  Co.    Labor  cost  is  less  for  leadite. — (W.  C.  Hawley,  in  Eng,  and 

Cm/r.,  May  19,  1911.)     Following  tables  show  quantity  used  and  costs: 


Table  110. 

Com|Nu«tive 

Costs  of  Lead  and  Leadite  Joints  in  Cast-iron  Pipe 

Pipe 
dUm.,  in. 

Lbfl.  per  joint 

Cost  per  joint 

Saving  on  material, 

leadite  over  lead 

per  joint 

Lead                 Leadite 

i 

Lead  at  5  cts. 
per  lb. 

Leadite  at  10 
ctR.  per  lb. 

4 
6 
8 
10 
12 
16 
20 

7.0 
10.0 
13.0 
16.5 
20.5 
.  29.0 
38.0 

2 
3 
4 
5 
6 
8 
10 

$0.35 
0.50 
0.65 
0.825 
1.025 
1.45 
1.90 

$0.20 
0.30 
0.40 
0.50 
0.60 
0.80 
1.00 

$0.15 
0.20 
0.25 
0.325 
0.425 
0.65 
0.90 

Table  111.     Quantities  of  Lead  and  Leadite  for  Pipe  Joints 

(I<radito  Co.,  Philadolphia,  Pa.) 


of  pipe.  in. 


Lead,  lbs.  Leadite,  lbs.  '  Sim  of  pipe,  in.        Lead.  Ibe. 


Ix^adite,  lbs. 


-4 

5 

6 

8 

10 

12 

14 

16 

18 


6 

7i 
10 
12 
15 
18 
22 
25 
30 


li 
l| 

2i 
3 

31 

5i 
6 

71 


20 

35       . 

8J 

24 

45 

11 

30 

60 

15 

36 

80 

20 

40 

90 

23 

42 

100 

25 

48 

120 

30 

60 

200 

50 

72 

260 

65 

ioiata  aaaumed,  2|  in.  deep. 

BQU  (French  Patent)  Packing  for  bcll-and-spigot  joints  (see  Fig.  221). 
Calldng  is  claimed  to  be  effective  upon  at  least  80  per  cent,  of  the  depth 
rf  joint  (in  ordinary  poured  joints,  the  lead  shrinks  upon  cooling  and  con- 
*wt  with  the  iron  is  assured  only  within  tho  slight  distance  affected  by 
^■Uung).  The  wedging  action  of  wire  C  produces  the  highest  i)ossible 
^tact  pressure  for  the  calking  strip  A;  the  strip  -4,  comparatively  thin, 
•ikpta  itsdf  w^  to  irregularities;  the  wedges  (7,  in  turn,  do  likewise,  forming 
••olid  calk.    The  Bill6  system  soft  lead  joint,  25  mnL  (1  in.)  wide,  recom- 
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mended  for  a  pressure  head  of  100  m.  (330  ft.),  resisted  without  seepage  a 
pressure  of  1900  ra.  (6270  ft.)  under  test.  The  system  does  away  with  yam 
and  permits  a  corresponding  sa\'ing  in  depth  of  bell.  It  is  claimed  to  be 
much  cheaper  than  the  common  joint. 


Fig.  221, — Bill6  packing.  Ay  soft  lead  strip,  of  U-section,  cut  and  bent  to  fit 
spigot  end  of  pipe.  C,  soft  lead  wedge-shaped  wires  calked  successively  into  reccas 
of  ^. 


t-^^^^^'  -' 


t     ^iA 


Dimensions  in  millinietera. 
Fio.  222.— Bill^.  packing  for  330-ft.  head. 

CAST-IRON  WATER  PIPES  IN  FACTORY  YARDS* 

(Associated  Factory  Mutual  Insurance  Cos.) 

Suction  Pipe.  Special  care  should  be  taken  to  lay  out  each  length  on 
grade  rising  to  the  pump  so  that  there  will  be  no  summit  in  which  air  car»- 
collect;  use  standard  weiglit  bell  and  spigot  pipe  (Am.  Water  Works.  Assn.)  ^ 
make  the  joints  absolutely  tight;  test  to  locate  leaks.  Where  a  suction  pipe^ 
enters  a  stream  or  reservoir,  lay  so  as  to  prevent  any  possibility  of  freezinjsC 
underground  or  under  water. 

Depth  of  Earth  Cover  over  top  of  the  pipe  varies  from  2.6  ft.  in  the  Souths 
to  5.5  ft.  in  Canada,  New  England,  Northern  New  York,  and  other  equally^ 
cold  sections.  In  loose,  gravelly  soil  the  depth  should  be  greater  than  in  com- 
pact clayey  soil.  Special  attention  should  be  given  to  protection  against> 
frost  where  the  pipes  pass  over  raceways  or  near  embankment  walls.  SucIb- 
locations  should  be  avoided. 

Care  in  Laying.  Pipes  should  be  clean  inside  when  put  in  trenches;  opem. 
ends  should  be  plugged  w  hen  work  is  stopped  to  prevent  stones  rolling  inside^ 
or  other  objects  l)eing  put  in,  and  to  k(H*p  out  animals.  Pipes  should  bear" 
throughout  their  length  and  not  be  supported  by  bell  ends  only.  BackfiUingC 
should  be  well  tamped  under  and  around  pii)es  to  prevent  settlement  or  lateraE 
movement,  and  should  contain  no  ashes,  cinders  or  other  corrosive  materials- 
Rocks  should  not  be  rolled  into  trenches  and  allowed  to  drop  on  pipes.  All- 
plugs  at  blanked  openings  and  all  sharp  bends  in  soft  ground  should  either^ 
be  strapped  or  secured  by  masses  of  concrete. 

Locating  and  Setting  Hydrants.     Wherever  possible,  hydrants  should 
placed  about  50  ft.  from  buildings  protected.     Where  impossible,  they  ma; 

*  Some  of  tlio  fullowing  direotiunH  upply  aIiM>  to  work  in  town  streets. 
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pl^in.  Maximum  depth,  120  ft.,  occurs  at  New  Orleans  in  Mississif 
Pipe  is  usually  ordinary  cast  iron,  with  the  coating  common  to  sirec 
Special  hard  cast  iron,  riveted  steel,  riveted  wrought  iron  and  ordinary 
iron  have  been  used,  usually  coated  in  the  ordinary  manner,  but  ii 
cases  protected  by  concrete  shells,  bedded  in  concrete,  or  lined  wil 
A  cast-iron  pipe  in  Boston,  in  service  50  yrs.,  was  found  badly  tube 
inside;  in  fair  condition  outside  where  covered  but  where  uncovered 
was  soft;  in  places  it  could  be  cut  to  some  depth  by  a  knife.  One  < 
pipe  carried  salt  water  20  yrs.  without  sign  of  failure. 

Joints.  All  ordinary  types  of  rigid  joints  have  been  used,  the  conm 
of  bell-and-spigot,  run  with  lead,  most  frequently.  Every  fifth  < 
joint  usually  is  modified  by  turning  the  spigot  to  a  slight  taper.  The 
joint  is  made  up  with  lead  on  shore,  a  clamp  or  strap  retaining  the  h 
spigot  is  withdrawn  and  reentered  under  water,  where  a  diver  calks  t 
Screwed  joint  of  wi-ought-iron  pipe  is  least  satisfactory  of  rigid  joints 
shearing  of  threads.  Flexible  joints  are  used  to  fit  irregularities  of  th^ 
and  avoid  straining.  Majority  are  ball-and-socket  with  bearing  sur 
lead  on  iron.  All- iron  ball-and-socket  joints  have  been  used  with  c 
gaskets.  These  joints  allow  deflections  of  6°  to  17°,  usually  10®. 
jointed  cast-iron  pipes  are  usually  made  in  12-ft.  lengths.  Possibl 
is  economy  in  longer  pipes  due  to  weight  of  bell,  but,  with  small  den 
such  pipes,  is  apt  to  be  more  than  offset  by  the  greater  cost  for  exi 
pipes.  Shorter  lengths  are  better  in  some  cases  to  make  a  more  flexi 
or  to  make  less  weight  to  handle.  Usually  flexible  joints  are  int 
only  at  intervals  of  three  to  six  lengths,  other  joints  being  rigid,  for  m 
economy.  Steel  pipe  of  large  diam.  is  laid  in  long  lengths,  with 
joints  at  intervals  of  100  to  116  ft.  Here  connection  is  not  made  at  a 
joint,  but  near  it,  by  a  flanged  or  hub-and-spigot  joint.  Length  of  sc 
usually  determined  by  method  of  laying. 

Foundation.  It  is  usually  desirable  to  cover  the  pipe  after  layii 
prevents  displacement  by  currents,  flotation,  damage  from  na\igatb 
increases  the  durability.  Trenches  are  dredged  or  washed  out.  Soi 
it  is  necessary  to  put  in  foundations  to  prevent  settlement  where  a 
is  soft.  Scries  of  pile  bents  w^ith  caps  on  which  the  pipe  rests  and  is  st 
wooden  })locks  laid  on  bottom  of  trench,  exca\'ating  to  greater  depth 
filling  with  sand  or  gravel,  strapping  timber  platforms  to  pipe  in  case 
pipe,  and  concrete  foundations  have  all  been  used.  The  trenches  are 
to  silt  full,  unless  danger  from  anchors  calls  for  prompt  refilling.  If  j 
ized  by  currents  or  flotation,  refilling  is  done  with  care,  with  various 
of  anchorage.  Pipes  have  been  sunk  in  mud  or  sand,  after  layinj 
water  jet  or  by  scouring  of  the  current  under  the  pipe,  held  just  clea 
bottom. 

Laying,  (a)  One  method  of  laying  pipe  is  from  a  construction 
built  over  the  trench.  The  pipe  is  lowered  simultaneously  at  all  p 
support,  if  it  has  rigid  joints.  Otherwise,  as  a  joint  is  completed,  it  is 
from  the  trestle,  the  other  end  remaining  suspended.  This  methoc 
suitable  in  rough  or  deep  water,  or  where  navigation  must  not  be  obs 
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grooves  for  retention  of  the  lead,  and  a  turned  collar  to  bear  on  the  bell  ii 
order  to  insure  uniform  lead  space  and  to  carry  the  weight.     Thirty-two  git 


screws  are  provided  in  each  bell  to  compress  the  lead  after  pouring,  by  forci(*' 
in  144  colli  lead  slugs  l^i"  X  3ic"diam.  to  a  total  weight  per  joint  of  25.8  lt»- 
Joints  are  capable  of  deflecting  10°,     Pipes  were  tested  to  100  lbs.,  with  wat^ 
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Concrete  can  be  used  successfully  to  prevent  the  corrosion  of  metdb 
pipes;  1:2:5  mix,  using  sand  and  gravel,  densely  packed,  4  to  5  in.  ihidc 
Joints  in  the  concrete  envelope  to  provide  for  expansion  and  contractioB 
should  in  this  latitude  be  about  30  ft.  apart.  A  thin  copper  sheet,  aboqi4 
in.  wide,  should  be  inserted  in  the  concrete  at  the  joints,  to  prevent  leab. 
Concrete  envelopes  have  been  placed  about  steel  and  cast-iron  piles,  or  col- 
umns, at  Atlantic  City  and  San  Francisco,  to  prevent  corrosion  from  salfc 
water,  and  have  proven  satisfactory. 


droored  Lagffif^ 


CasHron 


5ide  View  Off 
Supporh 


Fig.  225. 
Water  Main  Support  on  Bridge,  Fig.  225,  is  used  to  overcome  effects  due 
to  bridge  expansion  on  pipye  if  laid  directly  on  bridge  and  to  avoid  expansion 
pipe  joints.  This  saddle  support  proved  satisfactory. — (Louis  H.  Barker, 
New  York  Tunnel  Extension  of  Pennsylvania  R.  R.,  Sunnyside  Yards, 
Trans.  A.  S.  C.  E.,  Vol.  C9,  1910,  p.  143.) 

MAINTENANCE  AND  OPERATION 

Wet  Connections.  Connections  to  cast-iron  mains  under  pressure  are 
made  by  special  tools  without  interrupting  service.  A  two-part  sleeve  is 
bolted  to  the  main  at  a  point  between  joints  where  the  connection  is  desired 
and  joints  of  sleeve  calked  with  lead  or  made  tight  by  gaskets.  One  part  of 
the  sleeve  has  a  flanged  outlet;  to  this  a  permanent  flanged  valve  is  bolted. 
To  the  other  flange  of  this  valve  is  bolted  temporarily  a  cast-iron  dome  con- 
taining special  cutters  for  cutting  from  the  main  a  disk  of  the  diam.  of  the 
proposed  connection  and  a  combination  drill  and  tap,  carried  by  an  axial 
spindle  which  projects  through  the  stuffing-box  in  the  dome.  For  con- 
nections up  to  24  in.,  hand  operation  with  ratchet  levers  is  used;  for  larger 
sizes  the  macliinc  is  driven  by  a  small  engine  or  motor.  Valve  being  open, 
first  drill  a  hole  through  the  center  of  the  connection  and  then  engage  with  the 
tap  so  as  to  hold  the  disk  when  cut.  After  the  disk  has  been  cut  and  wth- 
drawn  through  the  valve,  valve  is  closed,  dome  removed  and  permanent  pip* 
bolted  to  valve.     Great  care  is  necessary  to  start  the  drill  straight,  other- 
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huiit  to  oH#:r.     This  de\-ice  ha»  been  tested  at  Worcester  Polirtechnic  lut 
hvdra'iiic  LiFximlorv  with  satUiacton*  results. 

m  •  W 

l/iihiQ^.  from  Maiujf. — It  is  cu^tonuiry  to  allow  3  gals*  per  day  per  ft.  (2.67 
eaJ.r.  p'rr  lin.  ft.  of  joint  per  24  hrs.  •  for  4S-in.  cast-iron  mains  in  BrooklyD. 
A  4>-in.  gt^^l  mxiin  in  Philadelphia,  after  being  tested  and  recalked.  bad  kik- 
ai5e  of  TCKiO  to  10,000  gals,  per  mi.  per  24  hre.,  t  based  on  field  joints  evay 
30  ft.,  leakage  per  lin.  ft.  of  joint  per  24  hrs.  =  3.1  to  4.5  gals.)  unAr 
HK)  Ib.^.  pre>«ure.  A  certain  72-in.  gted  main  gave  following  test  resuItB: 
Length  of  f?*^ction,  mile?,  3.57,  0.19,  3.13,  0.2»>.  3.35;  leakage  per  mL, co.lt 
per  s^.c,  0.024, 0.aw.  0.0:54,  0.370.  0.09v,  respectively.  Pressure  wasOto55 
Ib.s.  and  10..>  mi.  averaged  0.059  cu.  ft.  per  sec.  per  mL  (Based  on  field  joiiitf 
every  30  ft.,  leakage  per  lin.  ft.  of  joiiit  per  24  hrs.  =  0.000012  mfr) 
General  experience  with  steel  mains  is  that  they  tend  to  grow  titter  liA 
age,  prcivided  corrosion  does  not  pierce  plate.     (See  also  p.  358.) 

Tests  on  48-in.  standard  c.i.  pipe  resulted  in  a  leakage  of  7900  gab.  pff 
mile  per  day  (1.12  gals,  per  lin.  ft.  of  joint  per  24  hrs.)  for  a  line  in  Brook- 
lyn  under  128  to  163  lbs.  test  pressure,  and  leakage  of  6700  gals,  pffim. 
per  day  (1.27  gaL«.  per  lin.  ft.  of  joint  per  24  hrs.)  for  a  line  in  Stata 
Id.  under  pressures  from  47  to  116  lbs. 

In  removing  50  mi.  of  cast  iron  mains  in  Brooklyn,  90  pCT  cent.  beiogOiiLf 
and  rest  S  to  12  in.,  only  a  few  dripping  joints  were  found,  most  of  tbemin* 
block  where  the  pipe  was  laid  without  calking.  A  48-in.  main  sagged  26  m* 
in  6  lenf^ths  wthout  noticeable  leakage.  On  a  force  main  at  Kidgewood  W 
with  solid  lead  joints  3  times  the  leakage  of  ordinar>*  ioints  has  occurred. 

Leakage  in  Cast-irnn  WaUrPipe.* — Geo.  T.  Deacon,  1S94,  satisfied  himsdi, 

Table  114.     Consumption  of  Water  and  Percentage  Unaccoimted  for  in  WeD 

Metered  Cities t 


I  Consumption 
per  capita, 

34 
91 
96 

62 

46 

89 
163 

49 
108 

57 

44 

52 


29 

68 
83 


City 


Per  cent,  of 
taiMi  met<»rfti 


Hrorkton.  Mass.  .  . 

Bostrjfi,  Mjiss 

C'Ic'Vfland.  O 

EnKl<?\vood,  X.  J.. . 
Fall  KivfT,  Mass.  . 
Ilafkensark,  N.  J.. 
Hartford.  Conn.. .  . 
Lawronof,  Mass.  .  . 
MilwaiikfM*,  Wis. .  . 
UidKcfiold.  \.  J .  .  . 

Madi.son,  Wis 

Syrarust',  N.  V..  .  . 
Taunton,  Mass..  .  . 

War(»,  Ma.ss 

Wclh'slc'v,  Ma.'^s. .  . 
W(*st  Orango,  N.  J. 
Woonsorkct,  K.  I. 
Worrt'stcr,  Ma.ss. 
^'<»nkrTs.  \.  Y 


83(100i 


Number 
of  years 


7(5! 


Per  cent,  "ot 
mrcooBtcdfiv 


49 

1 

100 

1 

94n(Hl. 

4(7) 

100 

5 

99 

1 

8Cf92)  . 

3 

79 

1 

100 

3 

92 

8 

72 

1 

42 

7 

10() 

1 

100 

4 

1(K) 

1 

87 

1 

95(9(>) 

1(11) 

97(1(K)) 

6(1) 

•  i:.  (',.  Hr:ullMir\.  Ohio  Kim.  S<»r.,  Jan..  1912. 

t  llHMi,  .1.  H.  I'licrti's.    Anii>unt  uiiurtMinnted  for  wu.>4  arrive<l  at  bv  deducting  from  total  QUftntitf 
sum  of  thff  iiK'trrifl  niipply  ami  a  rarcful  eftimato  of  unnietcrea  consumption,  including  paM»f 
'.     G«*rriian  citios  hIiow  net  loss*  of  0  to  33  per  rent,  of  total  consumption.     Figures  in  parenth<«* 
)  compiled  by  th'-  Ivlitor  for  recent  yearn  previous  to  1915. 
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stated,  as  result  of  testing  several  new  systems,  that  leakage  can  be  kept 
within  60  to  80  gals,  per  mi.  per  day,  per  in.  of  diam.,  o^  600  to  800  gals,  per 
mi.  per  day  for  10-in.  pipe.  Length  of  lead  joint  per  in.-mi.  is  from  115  to 
125  ft.,  according  to  number  of  valves  and  specials. 

Information  from  30  Ohio  communities  showed  a  domestic  coDsumptioo 
per  capita  of  30  to  225  gals,  per  day  (after  deducting  railroad  and  numu- 
factural  use).  Cincinnati  reported  estimated  leakage  12  per  cent.;  Spring- 
field 5  per  cent. ;  Toledo  50,000  gals,  per  day,  with  total  consumptioii  of 
16,500,000  gals.;  Canal  Dover  8000  gals,  per  day,  based  on  actual  test  when 
system  was  new.  In  Paris,  France  (1897),  35  per  cent,  of  the  public  spring 
water  supply  was  unaccounted  for  after  making  all  allowances. 

Probably  leakage  in  a  hew  system  will  not  be  materially  less  than  3000 
gals,  per  mi.  daily  unless  carefully  tested  and  all  defects  remedied.  By  testing 
in  open  trench,  under  pressure  at  least  50  per  cent,  in  excess  of  maximum  static 
pressure  expected,  recalking  all  dripping  joints  and  replacing  defective  pipe, 
it  is  possible  to  reduce  leakage  to  an  extremely  low  amount.  With  first-claw 
calking,  when  the  men  know  the  work  is  to  be  tested  in  open  trench,  average 
loss  from  1000  ft.  of  pipe  before  testing  is  about  200  drops  per  min.,  equivalent 
to  about  90  gals,  per  mi.  per  day.  By  going  over  the  joints,  leakage  maybe 
reduced  so  there  Is  no  visible  escape  of  water.  Reliance  cannot  be  placed  on 
behavior  of  a  pressure  gage  in  judging  tightness  of  pipe. 

For  leakage  permissible  in  new  work,  general  practice  appears  to  justify 
60  to  250  gals,  per  day  per  mi.  per  in.  of  diam.  Loweth  proposes  60  to  80 
gals,  per  in.-mi.  Gregory,  in  improvements  to  Columbus  water  supply,  speci- 
fied as  in  Tabic  116. 

Table  116.     Allowable  Limits  of  Leakage  from  New  Cast-iron  Water-pipe  Lines, 

Columbus,  O. 


Pr,.«,..rc  1 10  lh».  p«  .„.  i„.      I^,k,go.  »llo*«bIc         Equivalent  in  R.I.. 
-    -      -  *''''iiL"  v.- •*'       .     P.T -M  hr..  per  mi. 


Galft.  per  24  hn. 


Wzo.  inches  linear  ft.  j     P««r  24  hr8.  per  m».  per  m.-m.. 


20 0  OS  I  10.138  507 


24 0.10  12,672 


36 0.15 


19,008 


528 
528 


ELECTROLYSIS  OF  WATER  PIPES 

Electrolysis,  Cause.  Electrolysis  injures  or  destroys,  sometimes  rapidlyt 
cast-iron,  wrought-iron,  steel  and  lead  mains  and  service  connections.  Due 
to  return  or  stray  currentHS  from  electric  railroads,  telephone  or  other  electric 
service  conductors  which  traverse  the  pijxjs  iis  part  of  the  circuit,  and  «^ 
IM)inls  of  departure  carry  away  particles  of  the  metal;  also,  but  less  exten- 
sively,  due  to  local  formation  of  a  battery,  as  when  an  electrolyte  is  presents 
surrounding  soil  and  steel  with  mill-scale  supplies  the  other  two  eleinenti- 
Kartli  currents  also  cause  electrolysis,  especially  in  damp  ground  and  aloni 
water  courses. 

Surveys.  To  determine  geographical  extent  and  intensity  of  conditions 
causing  electrolysis  of  pipe  systems  electric  surveys  are  made,  measunng 
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rences  of  potential  at  various  points  between  pipes  and  electric  railway 
ther  near-by  conductor  of  current;  direction  of  current  with  respect  to 
a  is  also  determined.  Since  numerous  obscure  elements  enter  most  elec- 
fsis  problems,  surveys  arc  satisfactorily  made  only  by  an  experienced 
ialist.  Rate  and  extent  of  damage  vary  greatly  and  are  influenced  by 
ly  local  conditions.  For  example,  under  a  large  portion  of  Newark,  N.  J., 
e  18  light,  dry  sand  very  unfavorable  to  electrolysis;  Cincinnati,  O.,  reports 
Lamage,  but  its  electric  railways  use  the  double-trolley  system;  in  Altoona, 

and  many  other  places  trouble  is  attributed  to  insufficiently  bonded  rails 
lectric  roads. 

ICefhods  of  Prevention.  Prevention  more  or  less  complete  can  be  secured 
leireral  ways:  Keep  pipes  far  from  electric  railways,  telephone  cables,  etc., 
h  electrically  resistant  soil  or  other  material  between;  install  and  maintain 
iplete  and  adequate  metallic  circuits  for  the  current,  independent  of  the 
BSy  such  as  double-trolley  or  conduit  systems  for  railways;  cover  pipes 
\pieUly  with  insulating  coating  which  cannot  be  broken  down  by  electric 
rent  (coating  must  remain  absolutely  perfect  over  whole  surface  of  pipe, 
imperfections  are  likely  to  become  places  of  concentrated  damage,  so  that 
I  may  suffer  more  than  if  not  so  coated).  Prof.  L.  I.  Blake,  Lawrence, 
l.y  patent'Cd  a  covering  of  graphite  and  paraffin  whi(!h  is  a  non-ionizable, 
trically  conducting  medium  (E.  R.,  1900,  Vol.  42,  p.  466).  Use  in- 
•ting  joints  liberally  in  pipe  lines  (see  description  below).  Mitigation  of 
trolysis  can  be  effected  by  means  suggested  above  for  prevention  and  by 
iral  others:  thorough  bonding  of  electric  railway  tracks;  in  danger  areas 
•  power  houses  use  of  overhead  return  circuits  connected  to  rails  at  inter- 

of  500  ±  ft.;  connection  of  rails  in  adjoining  negative  and  positive  dis- 
«  by  copper  cables;  removal  of  buried  return  cables  in  danger  districts; 
aJlic  connection  between  pipes  and  sheaths  of  telephone  cables;  special 
ling  and  cross-bonding  of  electric  railway  tracks  at  intersections;  periodic 
ough  inspection  of  electric  railway  track  returns  and  other  possible  sources 
rouble;  substitution  of  alternating  for  direct  current;  metallic  bonding 
ipe  joint*  and  of  pipe  line  to  electric  return  system,  so  as  to  prevent  flow 
irrent  from  pipe  to  soil.  If  insulating  joints  are  used  in  pipe  line,  negative 
iric  feeders  must  not  be  connected.  Coatings  are  generally  unsatisfactory; 
y  break  down,  at  least  locally,  within  a  few  months.  Portland  cement 
tar  or  concrete  coverings  are  useful  if  dry,  but  offer  little  resistance  to 
^nt  w^hen  wet.  Following  method  of  insulation  is  recommended  by 
lessor  Ganz,  Stevens  Institute,  as  absolutely  effective,  but  too  expensive, 
2pt  for  special  cases:  support  pipe  on  creosoted-wood  or  glass  blocks,  in 
^en  box,  so  as  to  leave  space  of  1  to  2  in.  all  around ;  fill  space  with  coal-tar 
•h  or  asphaltum  hard  enough  to  remain  in  place  but  not  crack. 
Insolation  Joints.  Metropolitan  \V.  W.,  Boston,  having  serious  and  per- 
^t  electrol3n3is  in  extensive  pipe  systems,  installed,  during  several  years, 
^numberof  special  insulating  joint*  composed  of  2  flanged  pipes,  bolted 
I5ether  with  §-in.  gasket  of  pure  rubber  between;  bolts  were  covered  with  J 

thick  rubber  tubing;  nuts  and  bolt  heads  separated  from  flanges  by  rubber 
ishers  §  in.  thick.    Joints  were  enclosed  in  waterproof  chambers  to  prevent 

27 
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entrance  of  ground  water.    Resistance  of  48-m.  joint  when  new,  pipe  filled 
with  water,  100  to  200  ohms.    Some  of  these  joints  failed  in  very  few  years  by 
deterioration  of  rubber  to  hard,  cinder-like  substance,  thus  destroying  insukt- 
ing  value.     Beginning  in  1909,  wooden  joints  have  been  placed  at  interv'als  of 
500  ft.  in  new  pipe  lines,  at  connections  with  old  pipe  systems,  and  to  repkoe 
rubber  insulation  joints,  sizes  60  in.  to  6  in.     For  these  joints  pipes  are  cuX 
without  beads  on  spigot  end  and  without  lead  grooves  in  bell;  wood  ring  is 
placed  in  bell  to  separate  the  pipes,  and  space  ordinarily  filled  with  jute  and  lead 
is  driven  full  of  pine  staves.     Wood  joint  cuts  down  current  flowing  on  pipe 
more  than  90  per  cent.    In  P*rovidence,  R.  I.,  a  joint  was  designed  by  J.  A. 
McKenna,*  which  has  proved  satisfactory  since  installation  in  1909.    Fig. 
228  shows  insulated  coupling  for  8-in.  pipe.    Spigot  ends  of  pipe  are  squared 

off  and  outer  surface  turned  smooth. 

1^ ^^ ^  5ybir^jr^*     Sleeve  is  bored  out  t^  in.  and  inside 

fh,  n^^s'''^^^^7777777T^77y7r^  ^  cdges  rouudcd  80  as  not  to  shear  wood 

staves  when  driven  in.    Staves  are  little 


r 


rv/y/Ve  '"'-'^rU-      •  '  thicker    than    annular   space  between 

Pine  Ring  *^  pipe  ^nd  sleeve.     Water-tight  joint  is 

Fio.  228.  thus  secured,  and  at  same  time  metallic 

parts  are  separated  by  wood,  prevent- 
ing passage  of  electric  ciurents.  Numerous  tests  have  shown  no  flow  d 
current  through  joint. 

Spacing  of  insulating  joints  has  varied  in  different  places  from  every  joint 
to  one  every  half  mile.  In  Los  Angeles,  Cal.,  filling  water-main  joints  with 
Portland  cement  mortar,  instead  of  lead,  has  given  good  results;  pressures 
in  these  mains  up  to  120  lbs.  Ontario  Power  Co.,  Niagara  Falls,  connected 
18-ft.  steel  pipe  6000  ft.  long  by  wire  to  rails  of  trolley  line  and  by  them  to 
negative  poles  of  dynamo.  Somcrvillc,  Mass.,  allowed  lighting  company  to 
ground  secondary  wires  on  water  pipes;  no  ill  effects  reported.  Dresser  in- 
sulating joint,  reported  to  have  given  satisfaction  in  a  number  of  places,  is  ft 
socket  joint  packed  with  cement  and  sealed  with  a  rubber  ring  held  in  place 
by  a  bolted  flange.     (Made  by  S.  R.  Dresser  Mfg.  Co.,  Bradford,  Pa.) 

At  8t.  Johns, t  N.  B.,  joints  in  cast-iron  mains  were  made  with  wood 
wedges  driven  tightly  in  the  space  usually  occupied  by  the  lead  and  hemp; 
it  was  adopted  in  1S51  as  being  cheaper  and  better  than  lead,  and  proved 
so  durable  that  in  1899  the  same  kind  of  joint  effectually  prevented  electro- 
lytic action. 

Protection  of  Steel  Pipe.  At  Springfield,  Mass.,  42-in.  lock-bar  steel  pip^ 
was  protected  from  electrolysis  by  covering  of  2  to  8  plies  of  "Barrett  Specifi- 
cation" felt  weighing  14  to  10  lbs.  per  100  sq.  ft.,  single  thickness,  and  "Speci- 
fication" pitch  (American  coal  tar  pitch),  30  lbs.  each  mopping  per  100  sq.ft. 
Felt  was  cut  in  strips  12  in.  longer  than  half  circumference.  Pipe  was  mopp^ 
on  top  half  and  felt  immediately  applied  while  pitch  was  hot;  strips  wereW 
shingle  fashion  to  break  joint  ever\'  16  in.,  for  as  many  plies  as  required.  Aft^ 
covering  top  half,  pipe  was  turned  over  and  lower  half  treated  in  same  way. 
Where  pipe  was  subjected  to  direct  currents,  8  plies  were  used;  as  distance  from 

•E.  U..  April  8,  1911.  t  Wyckoff  Wood  Pipe  Co. 
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vo.    If  wrench  is  dropped  it  will  not  strike  the  valve,  on  ac- 

livisioa  plate  placed  imniwiiatoly  above  it,  this  plate  being 

ih  an  opening  of  irregulur  sliape  corresponding  to  the  opening  in 

cover  and  to  shape  of  head  of  wrench;  WTench  miiat  be  slipped 

hia  plate;  it  cannot  be  dro|>ped  through.     Style  2  can  at  any  time 

•d  to  Style  1  by  inserting  the  telescopic  rod.— (E.  R.,  Feb.  10, 1912.) 


CHAPTER  XX 
VALVES/  SLUICE  GATES  AND  HYDRANTS 

Standard  Specifications  for  Valves.  (Very  slightly  abridged.from  those  adopted 
by  Am.  W.  W.  Assn.,  at  Minneapolis,  June,  1913).  Requirements  for  cast- 
ings, test  bars,  maker's  name  and  for  wrought  iron  are  the  same  as  for  hydrants, 
p.  450. 

Composition  Metals  shall  be  of  the  best  quality,  and,  except  the  stems,  shaO 
have  a  tensile  strength  of  not  less  than  30,000  lbs.  per  sq.  in.,  with  15  per 
cent,  elongation  in  8  diam.,  and  15  per  cent,  reduction  of  area  at  the  breaking 
point. 

Face  Joints  shall  be  faced  true  and  smooth,  so  as  to  make,  with  suitable  gaskets, 
perfectly  water-tight  joints. 

Fitting  of  all  parts  shall  be  such  as  to  make  perfect  joints  and  all  parts  of  Talves 
of  the  same  make  and  size  shall  be  interchangeable.  Valves  shall  open,  as  speciBed 
by  the  engineer,  by  turning  left  or  right. 

Bolts  and  Nuts  shall  be  made  from  the  best  quality  of  refined  wrought  iron  or 
steel,  heads,  nuts  and  threads  to  be  standard  sizes. 

Kinds  and  Seats.  Valves  shall  be  fully  mounted  with  bronze  or  other  suitable 
non-corrodible  metal.  They  shall  have  double  disk  or  made-up  gates,  with  bronie 
or  other  suitable  non-corrodible  metal-mounted  wedging  devices,  or  have  wedge- 
shaped  gates  with  double  faces  and  seats,  designed  to  work  equally  well  with  pres- 
sure on  either  side  of  the  gate.  Gates  (or  disks)  shall  be  of  cast  iron  with  non-cor- 
rodible metal  faces.  These  faces  shall  be  machined,  dovetailed  or  driven  into  cor- 
responding machined  grooves  in  gates  (or  disks),  or  riveted  on  with  non-corrodible 
metal  rivets.  Seats  for  composition  rings  in  the  body  of  the  valve  shall  be  turned 
and  threaded  before  the  rings  are  screwed  in.  Both  the  seat  rings  and  gate 
(or  disk)  rings  shall  have  smooth  and  true  faces,  and  make  perfectly  water-tight 
joints. 

Ends  and  Gears.  Valves  shall  have  hub  ends  suitable  for  laying  with  Classes 
B  and  C,  Am.  \V.  W.  Assn.,  Standard  Pipe.  All  valves  24  in.  in  diam.  and 
larger  shall  be  geared. 

By-passes,  where  required,  shall,  unless  otherwise  specified,  be  following  siics: 

Valve,  in.  By -pass,  in. 

16,  18  and  20  3 

24  and  30  4 

36  and  42  6 

48  8 

Weight.  Valves  without  by-passes  shall  have  not  less  than  the  followuig 
weights: 

•  Standard  valves  are  made  by  many  firma  including:  Chapman  Valve  Mfg.  Co.,  Indian  Orch*'''' 
Maas. :  C'offin  Valve  Co.,  Boston.  Mass;  CoIdwell-WUcox  Co.,  Newburgh.  N.  Y. ;  Crane  Co.,  Chic^f' 
Eddy  Valve  Co..  Watorford.  N.  V.;  Kennedy  Valve  Mfg.  Co.,  Elmira.  N.  Y.;  Ludlow  Valve  Mf|  ^^ 
Troy,  N.  Y, ;  Renaaellaer  Mfg.  Co.,  Troy,  N.  Y. ;  R.  D.  Wood  &  Co.,  Philadelphi*. 
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Table  117.     Minimum  Weight  of  Valves  Without  By-passes 


Diam.,  in. 

Weight,  lb. 

Diam.,  in. 

Weight,  lb 

3 

67 

18 

1,290 

4 

85 

20 

1,650 

6 

180 

24  geared 

2,750 

8 

255 

30  geared 

6,200 

10 

400 

36  geared 

8,500 

12 

500 

42  geared 

12,000 

14 

780 

48  geared 

18,000 

16 

900 

Items  shall  be  of  solid  brass  or  other  suitable  non-corrodible  metal,  free 
ts,  and  shall  have  a  tensile  strength  of  not  less  than  45,000  lbs.  per  sq.  in. 
I  stems  shall  be  square,  acme,  or  i-V  and  cut  in  most  perfect  manner,  so 
true  and  smooth  and  in  perfect  line  throughout  the  lift  of  the  valve. 
s  at  the  bottom  or  base  of  the  thread  shall  be  not  less  than  the  following 


Table  118. 

Minin 

(At  I 

Valve,  in. 

Diam., 

3 

a 

4 

a 

5 

li 

6 

1 

7 

1 

8 

1 

9 

1^* 

10 

lA 

12 

m 

14 

m 

Minimum  Diameters  of  Valve  Stems 

(At  base  of  screw  thread) 


m. 


ve,  in. 

Diam.,  in. 

16 

lil 

18 

111 

20 

IH 

22 

m 

24 

lil 

30 

2H 

36 

2H 

42 

2tl 

48 

3H 

Nut  on  the  stem  shall  be  2  in.  square  with  an  arrow  cast  on  showing  the 
hich  wrench  is  to  turn  to  open  valve. 

g.     All  iron  work,  after  being  thoroughly  cleaned  shall  be  painted 
.  with  asphaltum  varnish,  or  suitable  paint,  or  dipped  in  suitable  coating 

Valves  shall  be  tested  for  leakage  and  distortion  as  follows:  On 
:  or  made-up  gate  type  the  body  of  the  valve  shall  be  drilled  and  tapped 
for  pipe  and  removable  plug  inserted ;  through  this  hole  hydrostatic  pres- 
Ibs.  per  sq.  in.  shall  be  applied;  the  wedge-shaped  gate  type  by  an  hy- 
ressure  of  300 lbs.  per  sq.  in.  applied:  first, 
le  end  and  the  gate;  second,  between  the 
id  and  the  gate;  third,  in  the  bonnet  with 


r  Sluice  Gates  and  Gate  Valves :  Areas 

gs.     If  the  distance  a  gate  or  valve  has 

d  from  its  seat  be  known,  by  indicator  or 

mt    on    stem,    Table  119  will  give  the 

ening;  or  .if  a  gate  or  valve  be  opened  at 

)eed  and  total  time  required  to  open  wide 

the  area  of  opening  at  any  instant,  or  any  proportion  of  total  time, 

en.     Units,  ft.  and  sq.  ft.     D  =  diam.  and  a  =  area  of  port  of  gate 

)f  valve.    H  =  distance  from  bottom  of  gate  or  plug  to  invert  of 

=  area  of  opening,  Fig  230. 


Fio.  230. 
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Table  119.    Areas  of  Openings  of  Circular  Gate  Valves  and  Slnlee  Gate* 


°;i!? 

4 

00  in. 

VUveSiw 

48  in. 

36  in. 

24  in.    1    20in. 

16  i».    1    Hi., 

Aelual 

*«..  A.  «,.  U. 

0.05 

0.063 

1.236 

0.791 

0,445 

0.197 

0.137 

0,088 

0,048 

0.10 

0.127 

2.493 

1.595 

0.897 

0.399 

0-277 

0.177 

O.OM 

0.15 

0.190 

3.729 

2.387 

1.343 

0.596 

0.414 

0.265 

0.H9 

0.20 

0.253 

4.986 

3.191 

1.795 

0.798 

0.554 

0.364 

O.ltS 

0.25 

0.315 

6.203 

3.970 

2.233 

0.992 

0.689 

0.441 

0.248 

0.30 

0.376 

7.672 

4.737 

2.664 

1.184 

0.822 

0.526 

0.298 

0.35 

0.436 

8.578 

5.491 

3.088 

1.372 

0.953 

0,610 

0.343 

0.40 

0.495 

9,756 

6,245 

3.513 

1.661 

1.084 

0.693 

0.390 

0.45 

0.553 

10.875 

6.961 

3.915 

1.740 

1.208 

0.773 

0.43a 

0.50 

0.610 

11.974 

7.665 

4,311 

1.916 

1.330 

0-851 

0.471 

0.55 

0.663 

13.034 

8.343 

4.693 

2.086 

1.448 

0.927 

O.GIl 

0.60 

0.715 

14.074 

9.009 

5.068 

2,252 

1.564 

1.001 

0,563 

0.65 

0,765 

15.036 

9.625 

5.414 

2,406 

1.671 

1.069  1  0,601 

0.70 

0.811 

15.959 

10  216 

5.746 

2.554 

1.773 

1.135    0,6381 

0.75 

0.855 

16.842 

10.781 

6.064 

2.696 

1.871 

1.197 

0,673 

0.80 

0.895 

17.588 

11.259 

6.333 

2.814 

1.954 

1.251 

0,703 

0.85 

0.932 

18.334 

11.738 

6,602 

2.934 

2.037 

1.304 

0,733 

0-90 

0.962 

18.923 

12.113 

6.814 

3.028 

2,103 

1.345 

0.757 

0.95 

0.987 

19.394 

12.415 

6,983 

3.103 

2.155 

1.379 

0,776 

1.00 

1.000 

19.634 

12.566 

7,068 

3   141 

2,181 

1.396 

0,785 

In  using  tliese  tnbica  to  compute  discharge  through  gate  vnives  or  circular 
sluice  gates  it  muat  be  borne  in  mind  thnt  almost  as  soon  as  the  valve  or  gale  f 
startod  from  its  seat  there  will  he  a  spa^c  nil  around  through  which  water  can  ftw 
in  increasing  quantity  as  the  valve  or  gate  moves,  before  there  is  any  walenrny  ww 
of  the  form  shown  in  Fig-  230,  Likewise  the  stem  must  make  a  certain  numMr  uf 
tums,  or  it  and  the  v.ilve  pluRorgate  must  move  a  diatince  somewhat  greatcrlban 
seat  facing  on  valve  or  gate  before  If  begins  to  have  a  value, 

_  Table  120.     Areas  of  Openiags  of  Circular  Gate  Valves,   Sq.  Ft. 
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Discharge  Through  Sluice  Gates.    Usually  the  measurement  of  water  by 
means  of  sluice  gates  can  be  only  roughly  approximate,  unless  the  gates  are 
designed,  set  and  calibrated  with  measurement  in  view.    Q  (cu.  ft.  per  sec.)  s 
8  X  c  X  area  in  sq.  ft.  X  y/Jl.    H  is  the  difference  in  water  levels  on  the  two 
sides  of  the  gate,  in  feet,  or,  if  discharge  is  free,  it  is  the  head  on  the  center  ci 
the  actual  opening.    The  area  depends  on  the  position  of  the  gate,  whether 
wholly  or  partially  open,    c  ranges  from  0.60  to  0.80,  according  as*  to  whether 
conditions  are  more  nearly  like  a  standard  orifice  or  a  short  tube.    Since  the 
error  {i.e.,  ignorance)  is  necessarily  large,  use  only  two  or  three  significant 
figures  for  Q,  even  for  large  quantities.     (See  also  Fig.  342,  p.  604.) 

Stresses  in  Valve  Disks.  The  following  formulas  apply  to  any  segment 
of  a  sphere,  being  especially  applicable  to  gate-valve  disks  of  that  form:  Let 
r  =  radius  of  segment,  in.;  v  =  versed  sine  or  middle  ordinate,  in.;  p  = 
hydrostatic  pressure,  lbs.  per  sq.  in.,  normal  to  the  surface,  acting  radiaUy 
toward  the  center.  Stress  at  any  point  in  the  disk  =  p(r'  +  r')  +  4p. 
Stress  in  flange  =  pr{r*  -  v^)  -5-  4t;.— (E.  N.,  Aug.  17,  1911,  p.  203.) 

Valve  Throttling.  Ordinary  valves  should  not  be  used  for  throttling,  espe- 
cially where  tightness  is  called  for  when  the  valve  is  closed.  Throtthng  a  36-in. 
valve  for  several  hours  each  day  for  9  yrs.  so  as  to  create  15  or  20  ft.  higher 
head  (120  to  135  ±  ft.)  through  another  line  had  the  following  results:  That 
part  of  the  stem  corresponding  to  J  to  i  opening  of  the  gate  had  its  threads 
worn  to  a  feather-edge,  so  that  it  slipped  through  the  nut;  the  seat  of  the  \dke 
was  fluted  to  a  maximum  depth  of  tV  in.,  presenting  a  rough  sandy  stlrface, 
as  if  particles  of  ]>ronze  had  been  removed  along  the  linos  of  crystallization. 
The  quantity  of  water  delivered  by  tlirottling  was  probably  30  mgd.;  velocity 
for  full  opening  was  0.6  ft.  \^.t  sec. ;  approximately  25  ft.  for  i  opening.  The 
bronze  used  was  probably  so-called  phosphor  bronze,  having  a  tensile  strength 
of  30,000  to  40,000  lbs.  per  sq.  in. 

Valve  Chattering.  On  Yakima  pF#ject,  U.  S.  Reclamation  Service,  a 
standard  Oane  Co.  18-in.  gate  valve,  iiLstalled  in  horizontal  position,  suffered 
breakage  of  tongue  due  to  violent  vibrator}'  shocks  caused  by  velocities  of  over 
GO  ft.  p(T  sec.  On  a  similar  valve  on  same  project,  care  was  taken  in  placing 
and  operating,  yet  tremendous  vibrations  occurred  when  the  valve  opening  was 
between  f  and  }  diam.  An  elbow  below  the  valve  was  pierced  with  a  1-in.  hole 
which  admitted  air  to  the  valve  chamber,  and  reduced  the  vibrations  some- 
what.—(E.  N.,  Mar.  2S,  1912.) 

Cylindrical  Gate  Valves.  Dam  on  Magalloway  River,  Maine,  has  8-ft- 
undersluices  terminating  in  vertical  risers,  opiinings  of  which  are  controlled  by 
cylindrical  gate  valv(»s,  such  as  arc  used  on  certain  types  of  turbines.  With  full 
opening,  under  55-ft.  head,  the  valves  each  discharge  2000  c.f.p.s.  The  fol- 
lowing advantages  are  claimed:  Quick  manii)ulation;  close  regulation  of  dis- 
charge; operation  by  one  man;  maxinuim  discharge  area  with  minimum  head 
f)erinits  drawing  reservoir  to  lowest  prat^tical  l<*vel,  at  same  time  maintaining 
large  discharge  through  gates;  rugged  construction.  Partial  tests  show  coef- 
ficient of  discharge  of  0.89.— (E.  R.,  Mar.  2,  1912,  p.  247.) 

Narrow  Sluice  Gates  for  High  Pressure.  J^arge  sluice  gates  under  high 
heads  should  be  made  narrow  in  proportion  to  the  hight  so  as  to  secure  a 
reasonable  pressure  per  lin.  in.  on  the  seats. 
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Gate  Valves :  Power  to  Open.  Information  about  power  required  to  open 
rge  gate  valves  under  high  pressures  is  meager.  Following  data  are  reported 
i  have  been  obtained  with  care:  A  pair  of  48-in.  gate  valves  with  solid  wedge- 
laped  plugs  with  bronze  face  rings,  Babbitt  metal  seats  in  valve  body,  3^in. 
*onze  stems;  30-in.  bronze-lined  hydraulic  cylinders,  bolted  to  31-in.-high 
stance  or  spacing  castings,  which  in  turn  were  bolted  to  the  valve  domes; 
stons  fitted  with  2  cup-leather  packings.  Spindles  passed  through  stuffing- 
>xes  on  tops  of  domes  and  on  bottoms  of  cylinders.  Bronze  indicator  or  tail 
ds  from  tops  of  pistons  passed  through  stuffing-boxes  on  tops  of  cylinders 
op  and  bottom  refer  to  valve  when  in  upright  position).  Valves  tested  were 
stalled  in  short  48-in.  pipe  lines,  with  axes  of  valves  and  cyhnders  inclined 
>out  20°  below  a  horizontal  line.  Valve  A:  Pressure  per  sq.  in.  on  valve 
hen  closed;  i.e.,  pressure  in  48-in.  pipe  on  upstream  side,  41  lbs.;  on  down- 
ream  side  about  2  lbs. 


pening  of  valve,  ]             0 
in.                        /          (start) 

3 

6  12  15 

18 

24 

Valve  being 

ressure  in  cylinder,  1      »« 
lbs.  per  sq.  in.           / 

60 

51  50  43.5 

34.5 

24 

• 

opened 

Opening,  inches  }  (3^^^+^^^^) 

24 

18  15     9 

3 

Final 

Valve  being 

Pressure  in  cylinder,!      -„  k 
lbs.  per  sq.  in.         / 

18.5  23  31  40 

50 

115 

closed 

On  i^peated  closing  trials,  final  pressure  ranged  down  to  76  lbs.     At  24-in. 
•pening,  loud  roaring  was  noticed,  but  no  severe  vibration. 
Valve  B:  Upstream  pressure,  12.6  lbs.;  downstream  2  ±lbs. 


Opening       of   ] 
valve,  in.          / 
Vessure  in        ) 
cylinders,  lbs.  / 

Ressure  m  30-ii] 

Being  opened                                      Being  closed 
0            3            6            9              9+6            3         Final 

31           17           15           13               11           16           17           20 

L.  Direct-connected  Hydraulic  Cylinder  Required  to  Open  60-in. 
Solid-Wedge  Gate  Valve  Under  Pressure 

Preasureto  seat 
''•Ive.  Iba.  per  nq.  in. 

Preasure  on  back  of  valve 
plug,  lbs.  per  sq.  in. 

Starting  pressure  in  cylin- 
der, lbs.  per  sq.  in. 

CoefRcient  of  friction 

35 
35 
50 

52 
49 
50 

15 

15 
17 

0.22 

0.216 

0.24 

Packing  for  Stuffing  Boxes.  Italian  hemp  well  soaked  in  a  mixture  of 
^rafiin,  vaseline  and  a  little  lubricating  graphite  is  durable,  and  does  not 
^rrode  the  valve  parts.  Organic  fats  should  be  avoided.  Several  makes  of 
^t*aided-wire  and  sectional  metal  packing  are  on  the  market;  some  of  them  are 
•^cellent. 

Electrical  Operation.  Motor  operation  has  proven  satisfactory  and  is 
*iuch  more  rapid  than  by  hand.  With  large  gates  and  valves  in  some  situa- 
"•ooB  the  time  required  for  hand  work  would  be  greater  than  emergencies  would 
diow.     It  has  been  found  necessary  in  some  places  to  have  a  man  at  the  switch- 
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board  when  a  valve  ia  nearly  seated,  as  a  precaution  against  over-seating  a 
buckling  of  stem.  This  failure  of  motors  to  cut-off  when  valves  are  sealet 
caused  by  the  contacts  connected  with  the  automatic  shut-offs  or  limit  switcb 
if  these  contactB  are  set  eo  that  an  opening  valve  cuts  off  correctly,  it  seenu  h 
practicable  to  set  them  so  that  a  closing  valve  will  also  shut  off  correetl 
II  has  been  a  common  error  to  provide  motors  of  insufficient  power  to  «tart  tl 


m 


^ 


All' Mi  holts  iat>t  Spof-fS:Kr  .Lftwer  Com 

Fill.  231. — Hyilraiilie  cyliiulcr  for  InrKf  Riilc-  vnlves. 


valves  after  having  been  closed  a  long  time.     Valves  reiiuire  more  power  l 
move  them,  generally,  as  they  grow  older. 

Hydraulic -lift  Valves :  Liquuix  in  CyliiidcT.  Investigation  has  shown  md 
form  of  mineral  oil  having  a  low  cold  test  preferable  to  any  mixture  of  glycerii 
or  alcohol  ami  water,  or  any  brines  used  in  refrigerating  work,  as  former  do  n 
remain  stable  in  composition,  and  latter  rapidly  corrode  raetal.  At  Spot  Po 
gate-house,  Boston,  ordinary  ice-machine  oil  {zero  cold  test  paraffin  oil,  Stai 
ard  Oil  Co.)  is  used.     This  begins  to  solidify  at  2°  or  3°  below  aero  F.;  it  iai 
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Fid.  232. — Dimpnaions  of  Coffin  type  "  F"  gate  valves. 

reducp  thp  leakage  30  per  cent.  That  the  piston  rings  were  distended  under 
pressure  was  shown  liy  introducing  a  0.004-in.  feeler  for  an  arc  6  in.  long  op- 
posite the  split,  when  under  nu  pressure; 
under  pressure  the  feeler  could  be  pushed 
in  only  {  in,  (width  of  ring,  1  in.)-  (S" 
detail.  Fig.  231.) 

Friction  in  Hydraulic  Cylindfr.  TmU 
were  also  made  to  find  pressure  toaUrt 
the  piston  alone  (no  pressure  on  the  plug)- 
''  The  cylinder  was  placed  horizontally  a"^ 
the  head  of  water  measured  in  an  st' 
tached  standpipe;  3-ft.  head  moved  Ik 
piston;  950  lbs.  pressure  moved  an  un- 
balanced load  of  3500  lbs.,  giving  a  «*& 
cicnt  of  starting  friction  of  0.27.  The  pis- 
ton (spring)  rings  were  designed  to  ci^ 
4  Iba.  pressure  per  sq.  in.  of  cylinder  »»"•■ 
The  test  proved  this.  On  such  a  basis,  ih* 
total  pressure  necessary  to  move  the  piB'** 
(I  .,dr.!,"v,iive  Co )  ***'^''  ^^  ^^^  "'^■'  o"*"  """*  presanTe  dO^^ 

lb,  per  sq.  in.  over  the  area  of  the  pirton. 
Typical  Double-gate  Straightway  Valve  (Fig.  233).    For  this  type  tta 
fulloHing  claims  are  made:  Principles  of  conBtniction  are  «uch  that  gates  cU' 
not  close  until  directly  opposite  the  port  or  opening;  gates  are  held  rigid  >'>'' 
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mot  get  out  of  poBition,  making  it  possible  to  open  and  close  under  any  con- 
ions;  it  is  not  possible  for  stem  to  bind  in  wedge;  wear  on  faces  of  gates  and 
ts  is  reduced  to  a  naiaimum;  operates  equally  well  with  pressure  on  either 
e  of  gates. 

Limitiiig  Numbw  of  Sizes  of  Valves.  Gate  valves  of  6  sizes  only  are  now 
td  by  New  York  City  water  department: 


24,   50    36  &  48    Above  48 


Pio.  234. — Methods  of  attaching  sluice  gates  by  flanges  to  masonry  or  pipe. 

w  designs  and  specifications,  see  E.  N.,  May  27,  1915.  Number  of  valves 
Qd  repair  parte  necessarily  kept  in  stock  is  much  reduced.  By  using  smaller 
^ves  in  larger  pipes  shut-offs  can  be  more  quickly  made  and  less  room  is 
wnipled. 


Fio.  235. — Automatic  lubricator  for  submerged  ahii 
Charles  river  baain, 

IE.  N..  May  26.  ISIO.) 


Sluice  Gates,  Stock  Sizes,  Gates  have  not  been  standardized  nor  generally 
•Tried  in  stock.  Makers,  such  as  Coffin  Valve  Co.,  Boston;  Chapman  Valve 
%  Co.,  Springfidd,  Mass.;  Coldwell-Wilcox  Co.,  Newburgh,  N.  Y.;  Eddy 
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Valve  Co.,  Waterford,  N.  Y.;  and  Himnan  Hydraulic  Mfg.  Co.,  Denver,  CoL, 
have  patterns  for  a  wide  variety  of  sizes  of  square,  rectangular  and  circulir 
gates,  ranging  from  10  X  lO-in.  t«  216  X  87-in.,  and  up  to  106-in.  ding, 
designed  to  meet  various  conditions  aa  to  pressure,  etc.     For  small  woriu 
selection  can  usually  be  made  from  these  stock  patterns;  for  lai^  woiis  it 
is  sometimes  necessary  or  econom- 
ical to  modify  existing  designs  or 
prepare  new  ones.     Rising  stma 
should  be  used  wherever  prKt 
cable.    Ball-bearing,  roller-besring 
and  other  friction-reducing  typs 
of  operating  stands  or  hoiili  hi    ' 
obtainable,  also  electric  and  Iit- 
■*       draulic  motor  drives  and  hydrwlie 
lifting  cylinders. 

AIR  VALVES' 
Location.  Air  valves  Btumld 
be  placed  at  summits  of  pipe  liiw. 
especially  pipes  with  thin  wails,  to 
allow  air  to  escape  when  pipe  is 
being  filled,  and  to  enter,  vbile 
emptying  pipe.  They  help  to 
render  the  pipe  "fool-proof" 
The  importance  of  air  valve*  vH 
shown  in  the  failure  of  the  stffi 
pipe  at  Portland,  Ore.  {19111, 
under  test  (see  page  315):  »ir 
valves  were  not  open.  Siiw 
Coriibii.c.i  poppcf  nnii  float  oir  viiivo.  ^nd  locations    of   aiF   Valve  can 

be  determined  only  by  compu- 
tations and  a  study  of  the  pr^ 
file.  The  new  30-in.  conduit 
for  Syracuse,  N.  Y.,  is  patrolfd 
every  48  hrs.,  at  which  time  the 
4-in.  air  valves  are  opened  for  the 
expulsion  of  air.  It  is  found  th»t 
the  farthoj-  the  water  has  flowed 
thniugh  the  conduit,  the  less  »ir 
Firi.  lilKi.— I'ililv  !iir  viilvi's.  '^  R'^'^"  °^  **  summits. 

Eddy  Air  Valves.t    The  onto- 
mnlic  popi>rl  air  nilir  is  drawn  from  its  se.it  by  vacuum  caused  whoi  the 
pipe  is  bring  emptiwl;  thus  air  enters  the  pipe  and  as  it  is  filling,  escapes  until 
the  valve  i^  floated  to  its  scut.     These  valves  are  not  for  use  where  airwl-     , 
iectn  Tuulrr  prr^sure. 

1  M.J.-  by  iiddy  Vb1v«  Co.,  Wglrrtord,  .V.  Y. 
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line  ia  tapped  at  the  summit,  and  a  nipple  screwed  in;  the  end  of  the  nippk 
should  be  flush.  The  nipple  carries  a  cylindrical  casing.  An  openini;  in  tlw 
cylinder  head  allows  the  escape  of  air.  Suspended  from  the  cylinder  head  ■ 
a  brass  basket  in  which  rests  a  hollow  brass  ball.  Sufficient  clearance  c 
between  the  basket  and  the  cylinder  walls  for  the  passage  of  air.  Ax  theairii 
exhausted,  water  enters  the  casinR  and  floats  the  ball  up  against  these 
closing  the  space  in  the  cylinder  head;  when  air  collects,  or  when  the  pipeii 
emptied,  the  bail  drops  back  into  the  basket,  being  no  longer  floated,  allowiDi 
the  escape  or  entrance  of  air. 

Crispin  Prasnm  Air  Vain 
(Fig.  237}  is  in  standard  m 
1^  to  1  in.  diam.  of  air  vtkt 
openii^.  It  consists  of  a  Be 
chamber  and  a  float  attached 
to  a  lever,  operating  a  a 
valve.  With  no  air  in  Il» 
pipe,  the  float  chamber  it  fuE 
of  water.  As  air  risra  rnn 
I  the  pipe,  it  displaces  the  in 

of  the  chamber,  causiiiK  the 
I  float  to  drop,  thereby  openiii 

an  escape  for  the  air.  As  tlw 
,  water    returns,    it   lifts  lb* 

float,     automatically    closinj 
the  valve. 

PRESSURE-REGULATIHG 
VALVES 
Pressure    Regulation. 
The  prol)lpni   of  8atisficl«7 
pressures  ia  often  coniplirstM 
by  topographical  condilioK; 
pjPriiiureii'.FtriqmolKive  Afimis[*«re,fl  efficient  fife  pressure  on  lii^ 

Pio.  238.  lands  giving  excessive  dome- 

tic  pressure  in  low  linib 
One  soliilinn  is  sppnntte  mains  and  a  pumping  station  for  each  dislwl; 
another  is  t  hf  use  of  proHHUre  renulafflre.  If  a  tow-n  is  supplied  from  a  fouiff 
so  higli  that  direct  pri'.<surc  would  be  injurious  t.o  mains  and  ser\'ip«,  pr* 
Huro-roEulitlinR  .ippuriitus  niuy  be  insiTtcd  in  the  supply  main,  or  prcf«»H? 
on  a  by-pnss,  valvi'd  at  either  end,  to  pn)\'ide  proper  domestic  praaurf. 
Sui'li  iipiiliiincis  nre  also  used  on  old  weakened  mains  to  reduce  high  pK*" 
fum  to  11  safe?  iirr.ssuro. 

Pressure  Regulators,  to  give  satisfactory  service,  should  be  of  aia^ 
i\c\Mi'n  ciHilaininK  frv:  pari."  and  no  delicate  mechanism;  should  be  stn 
durable  and  rrli.ihlo;  all  part.i  liable  to  ruMt  should  be  made  of  non-corrodil* 
material,     ReRulators  should  not  close  suddenly  enough  to  cause  wstwr"" 
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J  pipe  lines.  The  apparatus  should  be  operated  entirely  from  the  low- 
ire  side  to  avoid  the  effects  of  pressure  fluctuations  upstream.  Valves 
insitively  balanced  operate  under  every  pressure  fluctuation  and  get  con- 
.ble  wear;  ordinarily,  operation  under  a  pressure  change  of  2  to  4  lbs. 
satisfactory  service.  A  pressure-regulator  should  always  be  located 
by-pass  so  that  it  can  be  cut  out  for  repairs.  In  gritty  water,  a  sand 
er  just  above  a  regulator  chamber  diminishes  wear.    Never  place  regu- 

at  sununits  as  the  entrained  air  may  interfere  with  their  operation, 
ure-regulating  valves  cannot  be  used  where  the  flow  alternates  in  direc- 
as  in  a  reservoir  supply  pipe  which  also  serves  as  discharge.  (A.  O. 
e,  Jl.  N.  E.  W.  W.  Assn.,  1906.) 

tnong  manufacturers  of  pressure-regulating  valves  are :  Ross  Valve  Manu- 
rmg  Co.,  Troy,  N.  Y.;  Foster  Engineering  Co.,  Newark,  N.  J.;  Golden- 
raon  Valve  Specialty  Co.,  Pittsburg,  Pa.;  H.  Mueller  Mfg.  Co.,  New  York 

Waters  Governor  Co., 

delphia.  Pa. ;  and  Mason         /'      ^ 
lator  Co.,  Boston,  Mass. 

following    notes     were 

m  connection  with  12-in. 
-in.  regidators,  but  apply 
[ler  sizes  as  well. 

pressure  regulators  of 
much  too  large  capacity 
tist ailed,  they  are  likely 

unsatisfactory,  because 
ing  so  near  the  closed 
ion  and  with  such  small 
iments.  For  regulators 
5  Doane  type,  where  it  is  desired  to  install  large  units  to  accommodate 
flows  in  a  comparatively  near  future  but  where  for  a  few  years  flows  will 
lall,  regulators  of  the  large  sizes  may  be  used  fitted  with  diaphragms  and 
8,  or  plugs,  of  smaller  size  (see  Fig.  248).  At  the  proper  time  these 
•  can  be  readily  removed  without  taking  the  regulator  out  of  the  pipe  line 
he  full  size  parts  installed  with  only  a  short  interruption  to  service, 
ike  other  automatic  devices,  pressure  regulators  need  some  attention,  if 
are  to  be  kept  in  good  condition ;  therefore,  they  should  be  inspected  at 
ble  intervals  by  a  competent  mechanic.  In  a  large  system  some  regula- 
vill  have  much  harder  service  than  others  and  should  have  more  frequent 
tion. 

OSS  Pressure-regulating  Valve  (Fig.  240-241).  A  stem  carries  the  pistons 
1 F,  and  disk  valve  G,  which  seats  by  an  upward  movement,  on  a  leather 
•.  The  areas  of  the  pistons  G  and  F  arc  equal,  preventing  any  tendency 
}  piston  to  move  up  and  down.  The  actual  reducing  of  pressure  is  done 
Jves  B  and  C,  which  act  on  the  check- valve  principle;  for  instance,  if  the 
d  o\;tlet  pressure  is  exceeded,  the  upward  pressure  under  piston  G  causes 

28 


K^-Oafe  Va/ve 
'UL  ■  j?*SA?/77  Horizonia! 

Fio.  239. — Battery  of  three  regulators  on  large 

main,  Worcester,  Mass. 

(Roea  Valve  Mfg.  Co) 
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an  increase  of  pressure  in  the  controlling  chamber;  thw  closes  or  dimiiii 
the  flow  through  the  r^ulfttor  B  and  opens  the  relief  valve  C,  allowing 
pistons  to  rise  and  close  the  v^ve.  When  the  outlet  pressure  falls,  the  pm 
in  the  chamber  is  reduced,  the  regulating  valve  opens  and  the  relief  vi 
closes,  allowing  the  pistons  to  fall,  thus  opening  the  valve  and  increasiog 
pressure  on  the  delivery  side.  The  pressure  at  which  the  valve  will  opra  i 
close  is  determined  by  the  hand  wheels  on  B  and  C,  This  valve  has  fewmi 
ing  parts;  no  springs  on  the  main  valve;  the  seat,  of  the  piston  type,  obra 
chattering  under  irregular  delivery  when  the  valve  is  nearly  closed ;  the  vii 
is  easily  adjusted  within  its  working  limits,  and  has  given  satisfaction  on  I 
high-pressure  fire  service  in  New  York  and  Brooklyn,  holding  the  preen 
with  great  uniformity  and  requiring  the  minimum  of  attention.  The  act)' 
of  the  valve  is  affected  to  a  certain  extent  by  the  upstream  pressure;  shou 
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'all  much  below  the  pressure  for  which  the  auxiliary  valves  are  set,  the 
vfdve  would  either  close  or  merely  maintain  reduced  pressure  on  the 
istream  side;  action  is  dependent  on  diaphragms  and  springs,  introducing 
ement  of  maintenance  and  uncertainty,  although  experience  shows  but 
trouble.  The  main  valve  seat  and  dash-pot  plunger  are  leather-  or  rubber- 
ed; repacking  necessitates  cutting  the  valve  out  of  service. 

Table  121.    Dimensions  of  Ross  Pressure-regulBtor 


Diatuice  betwefa  Flsn 


iioiimfttc  Woiht, 


A.  S.  M.  E.  Standard  Flanges  (Table  100,  p.  381.) 

oster  Pressure  Regu- 
(Pig.  242).  Fluid  is 
tted  in  the  direction 
ated  by  the  arrow 
■  on  the  body),  estab- 
ig  an  e<]uilibrium  be- 
n  the  balanced  piston 
the  main  valve  (or 
)per)  and  passes 
jgh  to  the  outlet,  and, 
fay  of  the  port,  to  the 
on  chamber.  When 
luid  attains  a  pressure 
1  to  the  spring  adjust- 
t,  it  forces  the  piston 
ird,  carrying  the  main 
e  toward  its  seat,  and 
reducing  the  high  ini- 
.0  the  desired  terminal 
mre.  Any  increase  in 
lelivery  pressure  over 
idjusted  amount,  acts  * 

I  and  under  the  piston  and  gradually  closes  the  main  valve  until  the 
jreasure  is  again  reached,  while  a  drop  or  decrease  in  the  delivery  pres- 
acts  vice  versa.  The  main  valve  has  a  soft  disk  easily  renewable, 
ling  the  adjusting  screw  on  top  to  the  right  increases,  and  to  the  left 
iaaes,  the  delivery  pressure.  No  other  adjustment  ia  necessary.  This 
>  maintains  constant  terminal  pressure  without  regard  to  volume.     It 
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is  capable  of  reducing  sa  high  aa  300  Ibo.  to  i 
delivery  preesure  of  from  10  to  lOD  Iba.  ptr 
eq.  in.  It  can  be  installed  in  any  i 
is  not  affected  by  upatream  prewure 
tlona,  being  controlled  by  the  d< 
pressure  only;  it  is  of  the  piaton  type,  trtii- 
10%  chattering  under  varying  supply  i4m 
nearly  closed;  seata  are  metallio,  involviii 
little  renewal.  The  valvee  are  8prin|-«- 
tuated,  leaving  them  open  to  the  chance  cf 
clogging  by  duet;  spring  action  in  one  type 
is  shortened  by  the  introduction  of  krcn. 
The  downstream  pressure  actuates  a  dii- 
phragm*  which  is  liable  to  rupture  from  ^^ 
peated  bendings,  although  of  small  ampli- 
tude; renewal  of  the  diaphragm  necessitala 
cutting  the  valve  out  of  line.  There  »  » 
dash-pot*  or  other  means  of  retarding  "hunt- 
ing"t  should  the  delivery  vary  rapidlj 
enough  to  cause  fluctuations  in  the  doiTD- 
Wi^J^™ur,-K'^7^c'in,e''vatt°t\iai  ^*™*™  pressure.  These  valves  were  used  on 
hith-pre«sure  Mrvi™,  »rtr»  hwyy.  some  New  York  City  work  with  good  resulti. 

llwayi  ciuLioned  in  opcnioE  ftDd  clo>- 
Ing)  u  .howo  in  Fig.  24a  inTiosHl  po.i- 
tion.     !4p[ing  B  ii  BdiustHl  by  uuU  C 

lAtf^i^    pifltoD   K   whirh    ill  rittarhnl  lo 

ectinc  preeaum  no  lip  oi  pinion  M.  bIbo 
Bctin*  u  pUKhion.  i'rrHurF  Aho  pu«M 
throiiob  porl  fr  unilpriK'uth  largp  piiton 
K  Boir  through  p.>rl  1  in  vnlvr  rpindi? 
to  undvralJr  <^  liiwcr  putun    lil,  bIbo 


B  nft'"«?na  ™fvp  J  to  "lX™*P»ln?^-'^ 
■nJ    -W   prevent  ihork  and  rhBtlerinK 

Kk;.  243. 

Golden-Anderson  Valve 
(Figs.  243-7)  is  also  con- 
trolled by  the  doiviiatrcani 
pressure,  like  the  IVwler  val\-e ; 
seats  arc  uf  nielal;  Ihe  few 
parts  are  all  of  simple  de- 
sign; a  dasli-jHjt  is  provider! 
to  prevfiit  "hunling."  The 
val  ve  is  spring- actuated. 
The  j);n'ktng  of  rubber  or 
leather     iieeesjiitales    cutting  pj,-    244. 

•Till- Ifprti.whWithi'H.'ohiprlion.Mpplyi.  not  nhowu  in  Fig.  212. 

t  Hunting  IS  viciilstinii  ol  piaton  either  lida  ol  prcwun  for  which  ■ovn-niDc  Ib  m 
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Table  122. 

Coffin  Fcwt  Valve,  Dimensions 

(FUovM  diiU«d  A.  B.  M.  E.  BtucUrd) 

Nunbtr  of 

%tat. 

dikin.,           vklvH 
i-.        1     (B.P.) 

^T- 

hifht, 

dimm., 

(-.p.. 

13} 

15i 

20 

26 

361 

4 

14|'. 

20J 

24 

32 

44J 

S 

32  I 

19 

58 

191 

281 

4               42 

61 

74 

6 

i      201 

30} 

4        ;      48 

59 

84 

8 

1      23} 
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Table  129 

Dimensions  of  Foot  Valves  and  Screens 

Foot  vJv» 

Foot    Y»l 

e  Krseni 

naDC«. 

rludilicrib. 

Bottom  of 

F>»totlK>. 

■creen.  in. 

■ 

n. 

11 

17 

81 

11 

13 

S| 

13i 

20 

IS 

16 

el 

14 

18 

9 

19 

26 

13A 
15 

1« 

i 

21  i 

10     • 

21 

30 

IK 

25 

12 

23) 

33i 

20 

27  i 

24) 

19 

23 

271 

38i 

21 

25 

33) 

19 

k  Valves  for  Protecting  Centrifugal  PuinpG.  \Vhon  a  foot  valve  is 
suction  pipe  o£  a  centrifugal  pump  pumping  to  great  hight,  or  iJIb- 
through  s  long  pipe,  severe  strain  is  put  on  the  pump  every  time  it  is 
owing  to  "water-hammer,"  caused  by  suddenly  closing  the  foot 
liich  is  often  large  enough  to  crack  shell  of  pump.  ThLs  trouble  can 
prevented  by  placing  a  check  valve  immediately  at  the  discharge 
the  pump.    X.arge  waterways  must  be  provided  through  check  valve. 


VALVES,  SLUICE  GATES  AND  HYDRANTS 


Fm.  252. — Coffin  sinRle-pivot  flap  vbItb. 


Fill.  263. — Coffin  double-pivot  flap  valve. 


fia.  254. — Anderson  automatic  and  counterbalanced  valve. 
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HYDRANTS 


Standard  Specificatioiu  for  Post  HydrantB,  New  England  Watcfworka  Aaaoc,* 
Apr.lfi,1914.  1.  Size.  a.  Hydrantsrouett bedesignatedby thenumberof  2Hii- 
hose  outlets,  tor  which  they  are  designed.  (If  a  steamer  connection  ia  also  pro- 
vided, the  hydrant  would  be  designated,  for  example,  "two-way  and  sl«aiii«T 
connection.") 

6.  The  net  area  of  the  waterway  at  the  amallest  part  other  than  at  the  vaht 
opening  when  the  hydrant  is  wide  open  must  not  be  less  than'l20  per  cent,  thatcf 
the  valve  opening,  and  there  must  be  suffietat 
dear  waterway  through  the  hydrant  when  widt 
open  to  allow  the  paaaage  of  a  ball  at  kut  If 
in.  in  diam.  for  a  two-way  and  2)  in.  for  thit^ 
and  four-way  hydranta.     (In  new  deeignaitii 

__^_^     recommended   that  inside  diam.,  eopeciallj  at 

Fio.  255.-Standard  bell-  ""Jtets.  be  7  in.  for  two-way  and  8  in.  for  thm- 
end  for  hydrant  (6-in.  and  8-    *"°  four-way.) 

in).  c.  Hydrants  must  be  fitted  with  bell  endi  to 

fit  standard  cast-iron  pipe,  the  dimensioiii  tt 
which  are  given  in  Table  126,  or  with  flanges  of  standard  dimensions  and  haniv 
standard  bolt  layouts,  aa  given  in  Table  127.  Holes  are  not  to  be  dttUad  M 
the  center  line,  but  symmetrically  each  side  of  it. 

Table  130.    Post  Hydrant  Bella.    N.  B  .W.  W.  Assoc 


Table  137.    Post  Hydrant  Flanges. 


-Siio  of  pipf, 

6 

8 

^    bLam.offlangf 

Flange  Ihick- 

nrc,;.'> 

t       Number  of 
bolu 

8i«rfl«l». 

I 
1) 

31 

nj 

8 
8 

i   \i\ 

ft  p.  381. 

2.  General  Design,     a.  Hydrant  may  be  of  compression  or  gate  type. 

h.  Hydrants  must  be  designed  tu  withstand  safdy  a  working  pressureoflSOllX'i 
with  a  factor  of  safety  of  at  least  5  at  the  working  pressure.  P'or  example,  1  If" 
drant  whose  working  pressure  is  15U  lbs.  must  resist  a  pressure  of  760  lbs,  befoi* 
breaking. 

c.  Valve  when  sbul  iiiusi  remain  reasonably  tight  when  upper  portion  of  binn 
is  broken  off, 

d.  Any  changes  in  diam.  of  the  water  passage  through  the  hydrant  must  h»« 
easy  curves,  and  all  outlets  must  have  rounded  comers  of  good  radius. 

fi.  With  the  hyilrnnt  liisdiarging  250  galH.  per  min.  through  each  2i-in.lx* 
outlet,  the  total  friction  loss  of  the  hydrant  must  not  exceed  1|  lbs.  for  two-w»T,2i 

I?l'l'''f,T,^'''''i'"'™'  ■"""'  ***■  *■"  ^'  "*■'■  *»»■''■  '*'3     8|M»  pre' 
T    Shpl]    IB  prritrable  ta  "muet'^  throughout. 
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f.  The  stem  nuts  of  all  inside  hose  and  steamer  connection  gate  valves  must  be  i 
in.  square. 

6.  Hydrant  Valve,  a.  The  valve  seat  must  be  made  of  composition  melaJ 
securely  threaded  in  place. 

6.  The  valve  must  be  faced  with  a  yielding  material,  such  as  rubber  or  leather, 
except  that  if  of  the  gate  type,  a  bronze  ring  may  be  used.  The  valve  must  be 
designed  so  that  it  can  be  easily  removed  for  repairs  without  digging  up  the  hydnmt. 

c.  The  clearance  of  parts  must  be  such  that  corrosion  will  not  make  the  parts 
inoperative. 

7.  Drip  Valve,  a.  A  positively  operating  non-corrodible  drip  valve  muat  be 
provided  and  arranged  so  as  to  drain  the  hydrant  when  the  main  valve  is  shut. 

6.  The  seat  of  the  drip  valve  must  be  made  of  non-corrodible  metal  and  must  be 
securely  fastened  in  the  hydrant.  All  other  parts  of  the  drip  mechanism  must  be 
designed  to  be  easily  removed  without  digging  up  the  hydrant. 

8.  Operating  Stem.*  a.  The  threaded  section  of  the  operating  stem  when  located 
in  the  waterway  must  be  of  composition  or  othep  non-corrodible  metal,  but  when 
above  the  stuffing  box  it  may  be  of  wrought  iron.  The  operating  stem  where  it 
passes  through  the  stuffing  box  and  gland,  must  be  of  composition  metal  or  be  fitted 

with  a  composition  metal  covering.  The  diam.  of  the 
operating  stem  at  base  of  thread  must  be  not  leas  than 
li  in.  for  gate  type  of  hydrant  and  1  in.  for  compreasioo 
and  toggle  types.  The  remainder  of  sten>  may  be  of 
iron  and  the  diam.  must  be  not  less  than  If  in.  for  gate 
^'M^o^fhriacJsperln  ^^'P®  ®^  hydrant  and  li  in.  for  compression  and  toggle 

^,:^ f ^  ^Qfff"  types.     The  operating  stem  must  be  attached  so  that 

sperm         j^   operation   it  will   be  impossible    for  it  to  become 
Vw,    nr^a  detached. 

ri(j.    ZOt).  ,      mi  •  1  >  r 

h.  The  stem  must  tcrmmate  at  the  top  m  a  nut  of 
pentagonal  shape,  finished  with  slight  taper  to  1 J  in.  from  point  to  flat,  except 
for  hydrants  to  be  installed  where  existing  hydrants  have  different  shape  or  siie 
of  nut,  in  which  case  the  additional  hydrant  must  have  the  same  operating  nut     ■ 
as  the  old   ones  for  uniformity.      The  nut  socket  in  the  wrench  must  he  made    | 
without  taper  so  as  to  be  reversible. 

c.  The  thrt^ad  which  operates  the  valve  must  be  Acme,  half  V  or  square.  The 
Acme  standard  thread  is  shown  in  Fig.  25(5. 

9.  StuJFmg  Box  and  Gland,  a.  The  stuffing  box  and  gland  must  be  of  composi- 
tion metal  or  bushed  with  it.  If  a  packing  nut  is  used,  it  must  be  of  composition 
metal.  The  bottom  of  the  box  and  end  of  the  gland  or  packing  nut  must  be  slightly 
beveled. 

b.  Gland  bolts  or  studs  must  be  of  composition  metal,  wrought  iron,  or  steel,  at 
least  J  in.  diam.     Nuts  must  always  be  of  composition  metal. 

10.  Hydrant  Top.     a.  The  hydrant  top  must  be  designed  so  as  to  make  the 
hydrant  as  weatherproof  as  possible,  and  thus  overcome  the  danger  of  water  get- 
ting in  and  freezing  around  the  stem.     Provision  must  be  made  for  oiling  both  for     ] 
lubrication  and  to  prevent  corrosion.     A  reasonably  tight  fit  should  be  made  around 
stems. 

h.  There  must  be  cast  on  the  hydrant  top,  in  characters  raised  J  in.,  an  arrow 
at  least  2 J  in.  long,  showing  directi(m  to  open,  and  the  word  "OPEN"  in  letters 
J  in.  high. 

1 1 .  Hose  ( 'aps.     a.  1  lose  caps  must  be  provided  for  all  hose  outlets,  and  muatbe 

•  Tho  iron  threa<it*d  sortion  i»  pcrinijwible  only  where  the  hyclranta  are  to  receive  the  bert  off*" 
and  be  kept  oiled,  otherwise  composition  must  be  used  to  insure  reliable  operAtioo. 
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and  lock  nuts  are  bronze.  By  removing  the  hydrant  bonnet  and  top,  the  diii 
valve,  drip-valve  socket  and  all  working  parta  can  be  removed  and  repUen 
without  disturbing  the  standpipe.  In  opening  a  hydrant,  the  drip  valve,  whirl 
drains  all  water  from  the  standpipe,  is  positively  shut  before  the  main  vtin 
leaves  its  seat;  and  in  closing,  the  main  valve  is  seated  before  the  drip  valve 
begins  to  open.  Standpipe  is  tapered  and  therefore  cannot  be  heaved  by  frort. 
All  parts  are  heavy,  true  to  gages  and  interchangeable. 

Hydrant  Double-nozzle  Shut-o&.     To  allow  a  second  line  of  hose  to  be 
connected  to  a  hydrant  while  one  nozzle  is  in  service,  without  shutting  of 


from  the  main,  The  A.  P.  Smith  Co,  furnishes  hydrants  to  order  «itli  * 
double  noKzlc  shul-off .  It  is  claimed  to  be  au|>crior  to  any  form  of  independKi' 
nozzle  gate,  as  when  the  hydrant  is  in  service  it  does  not  obstruct  the  flow; 
nnti  uwiiiK  to  the  principle  of  construction  the  operating  spindle  con  be  «» 
is  made  as  strong  as  tlie  hydrant  spindle  and  operated  by  the  same  wreDcli, 

Walker  Rubber-faced  Fire  Hydrant.  Valve  has  removable  rubber  f««- 
Sediment  between  valve  faces  will  not  scratch  and  cause  teaks.  There  i^nii 
rubbing  or  .scraping  valve  faces;  action  is  positive.  There  are  two  daU"" 
motions  of  the  valvo  In  opening:  first,  away  from  the  seat  horiiontallyj  *"* 
down  out  of  the  waterway,  reversed  when  closing.  Inexperienced  work"*^ 
cannot  twist  or  bend  the  rod,  because  all  strain  is  tensile,  between  points  Mtlf  * 
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either  threaded,  flanged  or  hub  ends,  and  as  many  nozzles,  either  steamer  or 
hose,  as  required. — (Made  by  Jas.  B.  Clow  &  Sons,  Chicago.) 

Lubricant  Waterproof  graphite  grease  applied  to  the  valves  and  caps  of 
fire  hydrants  forms  a  coating  that  cannot  be  washed  off  even  by  the  rushing 
stream  of  water;  it  preserves  the  valves  and  cap  from  rust,  and  from  sticking 
by  "freezing."    It  will  not  gum  or  become  rancid. 

When  Ordering  Hydrants  give:  Kind  wanted;  size  of  valve  opening;  depth 
from  surface  of  groimd  to  bottom  of  connecting  pipe;  size  of  connecting  pipe; 
whether  screw,  bell  or  flange  end;  number  and  size  of  nozzles.  Send  a  noule 
cap  as  gage  for  thread  and  nut,  or  give  exact  outside  diam.  and  kind  of 
nozzle  threads,  also  size  and  form  of  nut;  state  whether  to  open  to  right  or  left. 

Quality  of  Iron  for  Pipes,  Special  Castings/ Valves  and  Hydrants.*  Cast 
iron  shall  be  of  good  quality,  and  of  such  character  as  shall  make  the  metal  of 
the  castings  strong,  tough,  and  of  even  grain,  and  soft  enough  to  satisfactorily  , 
admit  of  drilling  and  cutting.  The  metal  shall  be  made  without  any  admixture 
of  cinder  iron  or  other  inferior  metal,  and  shall  be  remelted  in  a  cupola  or  air 
furnace. 

Tests  of  Material. — Specimen  bars  of  the  metal  used,  each  being  26  in. 
long  by  2  in.  wide  and  1  in.  thick,  shall  be  made  without  charge  as  often  as  tlie 
engineer  may  direct,  and  in  default  of  definite  instructions  the  contractor 
shall  make  and  test  at  least  one  bar  from  each  heat  or  run  of  metal.  The 
bars,  when  placed  flatwise  upon  supports  24  in.  apart  and  loaded  in  the  center, 
shall  for  pipes  12  in.  or  less  in  diameter  support  a  load  of  1,900  lb.  and  show  a 
deflection  of  not  less  than  .30  in.  before  breaking,  and  for  pipes  of  sizes  larger 
than  12  in.  shall  support  a  load  of  2,000  lb.  and  show  a  deflection  of  not  less 
than  .32  in.  (shall  support  a  load  of  2000  lb.  and  show  a  deflection  of  not  less 
than  .30  in.  before  breaking;  or  if  preferred,  tensile  bars  shall  be  made  which 
will  show  a  breaking  point  of  not  less  than  20,000  lb.  per  sq.  in.).t  The  con- 
tractor shall  have  the  right  to  make  and  break  three  bars  from  each  heat  or 
run  of  metal,  and  the  test  shall  be  based  upon  the  average  results  of  the  three 
bars.  Should  the  dimensions  of  the  bars  differ  from  those  above  given,  a 
proper  allowance  therefor  shall  be  made  in  the  results  of  the  test.s. 

•N.  E.  W.  W.  ABs'n  Specifications. 

t  Procodinj?  clause  in  brackets  shows  diflference  between  Am.  W.  W.  Ass'n  and  N.  E.  W.  W,  An*  n 
Specifications. 


452 


WATERWORKS  HANDBOOK 


Rts.Levd 


r- 


MfiAte'-oB 

■HofkssfhanKm 


Fia.  263. — Relation  of  length  ami  diameter 
of  Venturi  meter. 


Fig.  264. 


Losses  through  a  Venturi  Meter.  Venturi  meter  tubes  do  not  introduce 
appreciable  friction.  Usually  the  normal  rate  of  discharge  through  the  pipe 
line  is  about  one-half  the  measuring  capacity  of  the  meter.  At  this  rate 
increased  friction  due  to  the  meter  tube  is  only  J  lb.  per  sq.  in.     Even  when 

the  meter  is  operated  at  its 
highest  capacity  the  friction 
amounts  to  only  1  lb.  per  eq. 
in.  The  most  advantageous 
divergence  for  the  downstream 
tube,  and  probably  for  any 
diverging  tube,  to  obtain  the 
best  effect  in  developing  Ven- 
turi action,  is  1  in.  increase  in 
diam.  for  each  11  ^in.  increase  in  length,  equivalent  to  an  angle  at  the  vertex 
of  the  cone  of  a  trifle  more  than  4°  58'. 

Diameter  of  Throat  may  vary  from  }  to  }  diam.  of  upstream  end,  to  be 
within  limits   determined  by  reliable  experiments.    The  limit   of   throat 

velocity  usually  adopted  is  38 

ft.  per  sec.    Where  a  sufficient    f  I      j        — •^Fiow\     !II    •  j  _i — \ 

ratio  between  the  diam.  of  the 

upstream  end  and  the  throat 

cannot  be  obtained  in  the  ordinary  size  of  pipe,  the  pipe  may  be  increased  in 

diam.  for  the  approach  to  the  meter,  Fig.  264. 

Directions  for  Installing  Venturi  Meter  Tubes.*  Meter  tubes  are  set  in 
pipe  linos  in  same  manner  as  ordinary  pipe,  the  shorter  cone  forming  the  inlet, 
or  upstream  end.  A  notch  in  the  edge  of  each  flange  denotes  the  top.  It  is 
not  essential  that  the  tube  be  horizontal;  it  can  be  inclined  or  vertical.  A 
straight  length  of  pipe  of  same  diam.  as  meter  tube  should  immediately 
precede  the  inlci  and  contain  no  gate  valve  or  other  fitting  liable  to  disturb  the 
smooth  flow  of  the  water.  The  length  of  this  pipe  should  be  at  least  six 
times  diam.  of  tube  for  sizes  up  to  24  in.  and  at  least  12  ft.  for  larger  sizes. 
If  ouilei  end  of  tube  is  of  different  diam.  from  pipe  line,  an  mcreaser  or  de- 
creaser  should  be  ])laced  at  this  point.  It  is  unnecessary  to  have  a  straight 
length  of  pii)c  on  the  outlet.  For  standard  installations '  both  tube  and 
instrument  should  be  set  where  the  working  pressure  is  at  least  12  lbs.  per  sq. 
in.  Frequ(Mitly,  however,  this  requirement  may  be  modified;  a  tube  may  be 
set  with  its  ccMiter  11  nc^  only  10  ft.  below  hydraulic  gradient.  Two  small  pres- 
sure pipes  eonn(»ct  meter  tube  with  instrument.  These  may  be  brass,  lead, 
lead-lined  iron  or  other  non-eorrodible  piping,  }  in.  diam.  if  length  is  50  ft.; 
1  in.  diam.  if  length  is  1(X)  ft.,  etc.,  and  connection  should  be*  made  at  the 
side  of  each  pressure  chamber.  The  piping  should  have  a  pronounced  up  or 
down  grade,  contain  no  summits  nor  depressions  where  air  or  silt  might 
collect,  and  a  valve  (or  corporation  cock)  should  be  placed  on  each  pressure 
pipe  close  to  tube.  If  a  summit  or  depression  is  absolutely  unavoidable,  a 
blow-off  valve  should  be  provided  at  such  jwint.  All  joints  must  be  perfectly 
tight  and  piping  proi)erly  protected  from  frost. 

•  Builriors  Iron  Fourulry,  Providonrr,  R.  I. 
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Table  136.    Standard  Venturi  Meter  Tubes 
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Meter  registers  total  number  of  gallons  passed  to  time  of  reading.  Adiil 
graduated  in  gallons  enables  the  observer  to  note  rate  of  flow  at  mo[iKn(<f 
observation.  A  chart  recordii^  attachment  registers  by  a  perforated  linetni 
ribbon  of  graduated  paper. 

TUSBmE,  DISK  AND  OTHER  METERS 

WorUiinstOD  Turbine  Ustoi  m 

of  current  or  velocity  type,  and  liui> 
large  volumes  of  water  with  mmiBiiia 
loss  of  head.  Strainer  and  mini 
parts  may  be  gotten  at  through  top 
covers  without  removing  meto  " 
breaking  pipe  connections.  H«»T 
pattern  turbine  meter  is  adapted  f* 
boiler-feed  lines  measuring  hot  *>i<f 
under  heavy  pressure. 


Fki,  266. — Worthington  turbine  meter. 


Table 

Ul.    Sius   and   Capacities 

Df 

Vorthington 

TorbJne  Hetm 

.8|^-"';,r 

__g.i.p« 

Over-ull  di<nf  i»in>..,  in. 

Hot  Water  TurbiDe  H<t«(           | 

s" 
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3 

■1 
6 

lloneTiawff 
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Over.«U  ■"-— •i"~  "■  1 
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21       150 

3  390 

4  700 

5  l.WO 
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10     4500 
12^    CWO 
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1000 
2200 
4000 
6000 
0000 

Length      Width 

16!          9 
24           12 
,    27           16 
36          22 
48          29 
00          35 
70       1    42 
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13 
16 

20 
20 
29 
31 

L«a,ih 

Width 

w 

400-1266       21 
1200-2500       24) 

13) 
18i 

m 

m 

2,50O-5.w6  1     32 

26 

M 

h'lii.  267. — ^Worthington  Jiac  meter. 
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per  cent,  of  absolute  accuracy  by  weight;  also  that  average  error  due  to  varia- 
tions in  temperature  over  range  of  50**  F.  will  not  exceed  0.5  per  cent. 

Meter  Accuracy.  Otto  Poetsch  tested  }-in.  meters,  Milwaukee,  1911, 
none  of  which  had  been  repaired  within  5  yrs.;  3431  meters  of  piston  type  gave 
average  slip  of  3.15  per  cent.;  1955  disk  meters  gave  slip  of  0.6  per  cent.  Pis- 
ton meters  were  15  to  23  yrs.  old;  disk  meters  10  3rrg.  On  basis  of  these  tests, 
average  slip  for  city  was  placed  at  1  per  cent. — (E.  R.,  Jan.  13,  1912.) 

In  tests  at  East  Orange,  N.  J.,  July  29,  1908,  to  June  22,  1909,  two  Tridait 
and  two  Empire  meters,  out  of  18  meters,  representing  six  makes,  ran  coo- 
stantly  under  full  pressure  for  10 J  months,  without  failure  and  without  serious 
drop  in  accuracy.  Meters  were  f-in.  size.  Tridents  passed  1,857,000  and 
1,730,000  cu.  ft.  respectively,  equivalent  to  13,927,500  and  12,975,000  gab.; 
Empires  1,289,000  and  1,273,000  cu.  ft.,  equivalent  to  9,667,500  and  9,547,500 
gals.  Differences  in  quantities  were  due  to  varying  capacities  of  the  different 
machines,  accuracy  being  high  in  all  four.  When  it  is  considered  that  the 
smallest  of  above  quantities  is  equivalent  to  the  usual  supply  of  a  family  d 
10  for  about  48  yrs.,  or  a  family  of  5  for  95  yrs.,  the  capacity  and  accuracy  of 
these  meters  may  be  appreciated.* 

Tests  in  Des  Moines,  Iowa,  by  J.  A.  Cole,  on  1064  meters  in  service  froo 
1  to  15  yrs.,  showed  an  average  loss  of  registration  of  only  IJ  per  cent 
— (Technology  Quarterly,  June,  1907.) 

Table  132.    Summary  of  Water  Metering  Statistics  in  U.  S. 

(Pittsburg  Meter  Co.) 


Cities 


Per  Cent,  taps  metered 


Population 


From 


To 


Under  25  % 


.'C 


No.  of  cities 


Consumption 

per  capita 

Kals. 


Over  75% 


No.  of  cities 


Consumption 
per  c»p»t» 


Less  than 

5,000 

10,000 

25,000 

50,000 

Over 


5,000 

10,000 

25,000 

50,000 

100.000 

100,000 


24 
25 
31 
16 
12 
17 


125 


118 
110 
154 
134 
151 
182 


35 
25 
20 
15 
7 
9 


111 


33 
33 
58 
57 
58 
71 


Based  on  returnH  from  300  citic«. — (K.  N..  Jul.  7,  1910.)     See  also  page  411. 

Note.    The  meters  mentioned  and  illustrated  above  are  used  merely  M  con- 
venient examples;  tliere  are  many  makes  on  the  market  and  much  difference oi 
opinion  as  to  their  relative  merit^s.     Meters  should  be  selected  with  intellig^ 
regard  for  the  ser\^ice  and  conditions  for  which  they  are  to  be  used. 

•  1909  report,  E.  Orange  Bd.  of  Water  Comm.    The  Trident  is  a  disk  meter,  and  the  EmP*'*  ^ 
the  oscillating  piston  type. 
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Mechanical  Efflcieac;  of  Pumping  Engines;  Indicated  Honepo* 
in  Steam  Cylinders* 
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Table  134.     Trial   Duty    Performance    of    Steam-driveD    Condensing    Pmnpnf 
Engines* 

Duty,  million  [I .-lb* 
Type  per  1000  ItM.  dry 

Vcrtipal.  triple  expansion,  prank  and  fly-wheel.  .  140  to  ISO 

Hdrizontftl,  (TOSS  compound,  crank  andfly-wlieH..  1 10  to  140 

I!orizi)nt«il,  duplex,  direi'.t-iicling,  triple 75  to  100 

Huriziiiital,  duplex,  (lircct-actiuK.  conipouiid 50  to    70 

Turliine-il riven,  centrifiiKnl  pumps 70  to  140 

Engine-driven,  ccntriru(;ul  pumpn 70  to  110 

Many  plan'  tno  niurh  v>liiD  upon  Irinl  (.n^neduty:  it  u  iinnnrtsnt.  but enedivcnn^ol  nmuxki 
of  pluni  »  of  euUHl  fiata-inf !,•■<■.     KIeHi  iniut  not  he  liwt  <i  Isrt  Ihm  coet  of  rul.  whirh  «  tb 


Proposals  for  Pumping  Engines.  Wiile  Oficn  proposals  for  engines  gootf- 
ally  result  in  large  variatious  in  the  bids.  Kxoniptii^  the  engine  contracwr 
from  all  foundation  work,  etc.,  generally  results  in  better  work  and  pric« 
The  (lata  to  be  furiiishod  bidders  consist  of  («)  Static  water  pressure;  (D 
at  cngino-room  floor;  (2)  from  floor  to  the  !('\'el  of  water  in  the  pump  "«^ 
(6)  Allowance  for  friction:  (1)  force  main;  (2)  suntion  pipe,  (c)  Total  "'O'^" 
ing  load  upon  jilungors.  ('/)  Steam  pressure  at  the  throttle,  (c)  Avaii»W' 
clear  liight  above  the  enginc-rooni  floor.     {/)  Vertical  distance  from  engin*" 
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1  floor  to  basement  floor,  (g)  Wall  to  wall  of  engine  room,  inside,  both 
3tions.  {h)  Available  space  on  floor  across  the  engine  room,  (i)  Avail- 
on  floor  lengthwise  of  engine  room,  (j)  Available  in  basement,  length- 
of  engine  room.  (A:)  Distance  from  building  wall  to  pump  well.  Furnish 
.ers  plans  and  sections  of  the  building,  especially  if  space  is  cramped  or  ob- 
Bted.  (0  Air  chamber  required  at  the  inboard  end  of  the  suction  pipe. 
Air  chamber  required  for  the  force  main,  (n)  Capacity,  (o)  Number 
nits,  (p)  Transportation  and  erection  facilities,  sizes  of  entrances,  (q) 
nal  local  conditions  if  any. — (C.  A.  Hague,  Proc.  Am.  W.  W.  Assn.,  1905, 
50.) 

Dn  Cost  of  Pumping  Engines*  no  really  reliable  figures  can  be  given.  Such 
res  vary  with  type,  size,  head  pumped  against,  steam  pressure,  supply  and 
land,  and  cost  of  materials.  If  in  doubt  as  to  type  needed,  get  bids  on 
is  to  be  considered.  To  fix  upon  cheapest  unit  for  a  particular  case 
dder  costs  of  the  following:  (a)  engine,  (6)  foundations,  (c)  land,  (d) 
dings,  (c)  boilers  necessary  to  supply  steam  to  engine,  (J)  coal  per  ton,  {g) 
Qtenance  and  repairs,  (h)  lubricants  and  waste,  and  (i)  any  other  elements 
Jted  by  tjrpe  of  engine. 

'Jost  of  coal  can  be  determined  from  following  formulae:  Where  guaranteed 
f  of  engine  is  known,  and  expressed  in  foot-pounds  per  1000  lbs.  of  steam, 

...               ,            .,           ^^  .            duty              1,980,000,000 
ads  of  steam  per  hr.  per  i.hp.  =  60  -^  33^  ^^^  = j~ 

^team  consumption  corresponding  to  various  duties  may  also  be  obtained 
1  Table  136,  page  464,  which  was  computed  from  above  formula. 

i         1       *    f  r    1       SX  i.hp.  XTXC 
Annual  cost  of  fuel  =  ;g~x~2(J60 

S  =  lbs.  of  steam  used  by  engine  per  hp.  per  hr.;  * 

hp.  =  average  indicated  horsepower  developed; 
T  =  number  of  hours  during  year  pumping  is  required; 
C  =  cost  of  coal  in  dollars  per  ton  of  2000  lbs. ; 

E  =  evaporation  factor  of  boiler,  approximately  8  lbs.  of  water  evapor- 
ated per  lb.  of  ordinary  good  bituminous  coal. 

'o  cost  of  coal  thus  determined  should  be  added  4  to  6  per  cent,  interest, 
3st  of  engine,  8  to  10  per  cent,  for  repairs,  depreciation,  etc.,  and  1  to  2  per 
.  refunding  sinking  fimd.*  For  small  quantities  of  water,  fuel  item  usually 
mes  a  secondary  consideration,  in  selecting  types  of  pump.  Even  when 
is  $1350  per  year  for  each  million  gals,  pumped  per  day,  total  coal  bills 
ot  amount  to  much  for  2,000,000  or  3,000,000  gals,  per  day;  but  when 
itity  gets  toward  10,000,000  gals.,  they  are  more  important.  The  larger 
e-expansion  pumping  engines  of  reciprocating  displacement  type  pump 
3,000  gals,  per  day  with  $625  worth  of  coal  per  year  for  best  records,  and 
is  an  ordinary  good  record;  while  $1350  is  about  the  best  steam-turbine 
ping  recordt- 

^.  8.  Hill,  Jr.,  Proc.  Municipal  Engrs.  of  N.  Y.,  1911. 
^has.  Arthur  Hague,  Trans  A.  S.  C.  E..  Vol.  74,  1911. 
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Fig.  270.- — Steam  consuiDption  under  variable  load. 

{N.  8.  Hill,  Jr.,  Proc.  Miiniripal  Engn,.  N,  Y.,  1911.1 


Water  Pumped,  in  Million  GaMoni   Daily. 

Pio.  271.— Coat  of  pumping.     (See  Table  135.) 
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Table  136.    Boiler  Horsepower  Required  for  each  Vftmp 

10  sq.  ft.  of  Heating  Surface  per  Bofler  Horaepower 


HonepowcTf  Couatim 


Lb*,  of 
Duty  in  ft  Mb*.   ?^Zr  -fh? 

pump        p^T 
fap.        pump 
hp. 


p«r    1000  lbs. 
ui  dry  Bteam 


U».of  Lfaft.cf 

Duty  in  ftMb..   £j"",   •^7™  Datj  in  ft.-lb«.   ^^.  'J^ 

n#.r  ition  Ih.      ''P-  P*'  Pfr  hr.  'looo  lbs.  .  "P*  P^i  P""- 

Dp.        pump  Dp.     I  pnBp 

hp.  '    hp. 


per  lUOO  lbs. 
of  dry  Bt«mm 


40.fJ00.0r)0  1  G3 

50,0rj0.000  1.32 

W/KJO.OOO  1.10 

70.(XiO,0(X)  0.94 

80.000,000  0.83 

90.000,000' 0.74 

IW.OfXKOOO  0.66 

iio.rwo.orx)  0.60 

115.rKX).0fX)  0.57 


49  5 
39.6 
3:5.0 
28.4 
24.7 

22.0 
19.8 
18.0 
17.2 


1*20.000,000,0.05  16. 
125.000.000' 0.52  15. 
130.000.000 i  0.51  1  15. 
1:^5.000.000:0.49  '  14. 
140.000.000"  0.47  :  14. 


145,000,000  0 

150,000.000  0 

155.000,000  0 

160.000.000  0 


46  13 
44  jl3 
43  12 
41     12 


o 
8 
2 
7 
1 

6 
2 

8 

4 


165,000,000   0.40 

39 

38 


il 


170,000.000 
175,000.000 

I  i8aooo.ooo 

'  185,000,000 


i9o,ooaooo 

195,000,000 
200,000,000 


0 
0 
0 
0. 


12.0 
11.6 
113 


37  I  II  0 
36    10  7 


0 
0 
0 


35  '  10  4 
34  .10  0 
33  I   99 


Tabic  136  is  based  on  1  sq.  ft.  of  heating  surface  evaporating  3  lbs.  of  water 
per  hr.,  from  150  °  (temperature  of  feed),  into  steam  at  loO  lbs.  gage  pressure. 
This  is  safe  in  most  cases,  but  anv  desired  increase  mav  be  made.  For  a- 
amplrv*  If  2\  lb.«.  water  per  sq.  ft.  heating  surface  per  hour  are  all  it  would 
be  safe  to  reckon  on,  then  20  per  cent,  added  to  boiler  hp.  of  Table  136  would 
provide  for  such  a  case.* 


Table  137. 

Cost  of  Complete  Pumping 

SUtions* 

(Reciprocating  Engines) 

Pr»*iv-ur«*  of  wator 

load  Cost  of  plant.  ixT 

Iliillinli 

Pr^.M-ure  of  uutrr  load  Cunt  of  plant,  per  miUi«ia 

puriifK''!  af^ain.it: 

lVi<*.    i{(iU. 

capacity,   in 

'lu<ling 

pu 

irnpod  aR.Hiniit:  Ih*.     gaU.  capacity,  inrluihM 

-    —    -  — 

ri'>crvf 

piT  i>ti.  in 

rw^rve 

SO.  750 

90 

$S.250 

40 

7.000 

100 

8„'>00 

50 

7.2->0 

110 

8,750 

60 

7, 5(H) 

120 

9.000 

70 

7.750 

I'M) 

10.000 

SO 

8.(K)0 

Fi^ruros  given  aV>ove  arc  closely  approximate,  so  close  that  it  would  be  takin? 
charift*.'^  to  guarantee  results  without  investigating  each  case.  The  work  con- 
templates best  type  of  modern,  triple-expansion  pumping  engines,  and  high* 
pressure!  boilers.  Buildings  are  assumed  of  good  design  and  quality;  of  brick 
or  of  St  OIK?  where  stone  is  cheap;  roofs  steel-trussed  and  slate-covered;  chinuK'ys 
ai {equate;  and  intakes  ])n)])erly  proi>ortioned  and  thoroughly  screened.  Cost 
includes  everything  except  land. 

Items  for  and  against  High-duty  Pumping  Plant* 


Mairit(»nance  account  for  machinerv 
Inten^st  on  machinerv 
Oil,  waste,  pricking,  etc. 
Sinking  fund  for  machinery 

•  C.  .\.  HaKUo.  T.  A.  S.  C.  E.,  Vol.  74,  llUl.  and  N.  S.  Hill.  Jr. 


In  fuvor  of  high-duty: 

Maintenance  account  for  boilers 
Int(Tt  st  on  boilers 
Sinking  fund  for  boilers 
Coal  account 
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Vertical  triple-ezpanaion 
pumping  engines 


Table  1S8.    Fixed  Charges  against  Pumping  Machinery  and  Boilers 

All  other  tyi>e8  of  reciprocating 
pumping  engines 

Muntenance  account 2%  Maintenance  account 3% 

Interest  account 4%  Interest  account 4% 

Sinking  fund  account 3%  Sinking  fund  account 5% 

Oil,   waste,    packing,   and   small  Oil,    waste,    packing,    and    small 

repairs 1  %    repairs 1  % 


Total  fixed  charges 10%  Total  fixed  charges 13% 

For  vertical  triple  pumping  engines  life  is  taken  at  33}  yrs.,  and  for  all 
other  types  at  20  yrs. 

Table  189.    Fixed  Charges  against  Boiler  Plant  ** 

Maintenance  account 5  % 

Interest  account 4% 

Sinking  fund  account 5% 


Total  fixed  charges 14% 


tip.  Cylindltn 


I. p.  Cyiirtders 


L.p. 
Cylindtn 


Y 


\ 


-Bahntinq 

Ptungtn 

■dalandna 
CylinStrs- 


^:-f^ungers-—> 


Comparative   Economy  of   High- 
class  Pumping  Machinery  and  Fuel.* 
Two  steam  pumping  plants  recorded 
1.02  lbs.  coal  per  indicated-horsepower- 
hour,  and  1.98  lbs.    Both  records  were 
obtained  as  nearly  as  could  be  under 
■inular  conditions  in  actual  waterworks 
pumping;  latter  fuel  was  slack  at  $1.50 
per  net  ton;  and  former  anthracite  coal 
at  $4.50.    Heat  units  developed  by 
dack,  on  analysis,  11,000  per  lb.;  heat 
^ts  developed  by  coal,  14,000  per  lb. 
In  the  slack  the  buyer  obtained  146,000 
l^t  units  for  1  ct.;  in  the  anthracite 
^,000.    The  plant  consuming  slack 
'Med  363  heat  units  per  horsepower- 
Jninute,  while  the  plant  with  anthracite 
consumed  238.    Efficiency   of  boilers 
^as  70  per  cent,  with  slack  and  80  per 
•ent.  with  anthracite.    This,  reduced 
^  work  demonstrated  by  indicated- 
.  lorsepower,    gives    13,200,000  ft.-lhs. 
fcr  1  ct.  for  anthracite  and  9,806,000 
ft-lbs.  for  slack,  with  efficiencies  of 
toilers  equalized,  and  shows  a  differ- 
ence of  3,394,000  ft.-lbs.  in  steam  econ-        Fig.  272.— Working  parts  of  Worth- 
omy  of  engines.     The  engine  with  slack    jr^^ty  eng^^^^^         triple^xpansion  high- 
gave  130,000,000  ft.-lbs.   per  million 
fi.t.u.,  and  that  with  coal  gave  163,000,000,  further  demonstrating  the  differ- 

•C.  A.  Hftgue,  T.  A.  a  C.  E.,  Vol.  74. 1911. 
SO 
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ence  in  steam  economy  in  the  two  machines.    Gain  in  foot-pounds  iorltX. 
with  engine  using  anthracite  over  other  is  34  per  cent.,  and  gain  on  heat-unit 
basis  is  26  per  cent.,  which  indicates  good  judgment  in  putting  enough  invest^ 
ment  into  engine,  boilers  (^166  per  million  gals,  capacity  per  24  hrs.),  and 
fuel  to  obtain  good  results;  the  engine  working  on  slack  cost  $4083;  prices  do 
not  include  foundations  and  appurtenances.    Present  high-type  waterwoiis 
pumping  engine  apparently  cannot  be  improved  to  any  material  extent  in 
principle;  best  to  be  expected  is  extremely  small  increase  in  economy  by  im- 
proved construction.     It  is  probable  an  increase  in  fuel  economy  from  6  to 
12  per  cent,  can  be  gained  in  many  steam  plants  by  use  of  superheated  steam. 
If  there  is  waste  heat  in  smoke-flues  or  uptakes  of  boilers,  reheaters  for  re- 
ceiver steam  can  be  provided,  and  this  steam  made  a  vehicle  for  transportation 
of  heat  now  getting  away  up  the  chimney  back  to  the  engine,  and  there  made 
to  do  work. 

Economy  of  Small  Steam  Engines.  *  Steam  engines  in  economy  vary  from 
12  to  60  lbs.  of  feed  water  and  from  1 J  to  7  lbs.  of  coal  per  hr.  per  indicated 
horsepower.    Locomotives  average  3000  gals,  of  water  per  100-mi.  run. 


Table  : 

140.    Economy  of  Steam  Engines* 

Type 

Feed 
water 
tempera- 
ture, Fahr. 

Pounds  of 
water  evap- 
orated per 
lb.  of  coal 

Pounds  of 

steam  per 

i.bp.u»ed 

per  hr. 

Pounds  of 
coal  used 

peri.hp. 

per  hr. 

Cost  per 

Lho. 

perw. 

Non-condensing 

Condensine 

210'' 
100^ 

10.5 
9.4 

29.0            2.75       $0.0073 
20.0             2   12         0  0056 

Compound  jacketed 

Triple-expansion  jacketed. 

100** 
100" 

9.4 
9.4 

17.0 
13.6 

1.81 
1.44 

0.0045 
0.0036 

Cumberland  coal  used;  coat  a.«wumed  $6  per  ton.     Sec  also  p.  461. 


Best  Reciprocating  Ptmiping  Plantsf  involve:  Vertical,  triple-expansion, 
crank-and-fly- wheel  pumping  engines;  long  stroke,  rotative  speed  not  to  exceed 
20  r.p.m.;  maximum  piston  travel  200  ft.  per  min.;  modified  steam-jacketing 
and  reheating;  steam  pressure  at  throttle,  175  lbs.  gage;  moderately  super- 
heated steam  by  independent  apparatus;  smoke-flue  reheating;  water-tube 
boilers;  mechanical  stokers;  natural  draft  at  least  0.8  in.  of  water;  feed-water 
economizers;  automatic  damper  regulators;  coal  bought  on  basis  of  14,000 
heat  units  per  lb. ;  boiler  efficiency  of  75  per  cent. ;  coal  per  indicated-horse- 
power, 1  lb.  for  large  plants,  1.75  lbs.  for  small  plants;  maintenance  of  engines, 
1.5  per  cent,  for  large  plants,  3  per  cent,  for  small  plants.  Quadruple-expan- 
sion pumping  engines,  resulting  either  in  a  tandem  arrangement,  or  in  aban- 
donment of  three-plunger  designs  so  favorable  to  uniform  hydraulic  effects, 
are  not  s\iitable  for  waterworks  service.  Mechanical  efficiency  of  displacement 
machinery  is  93  p(^r  cent. 

Benefit  of  superheatf  in  connection  with  engines  of  the  highest  type  w 
probably  6  per  cent.,  as  the  upper  limit  of  fuel  economy  that  can  be  expected. 

•  Ooo.  F.  Blake  Mfg.  Co. 

t  C.  B.  Buerucr,  T.  A.,  S.  C.  E.,  Vol.  74,  1011. 
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To  find  the  theoretical  lift  of  a  pump  in  ft.,  multiply  the  pressure  pert 
from  the  barometer  reading  by  2.3.  Of  course  the  pump  will  not  lift 
highti  as  the  pump  cannot  produce  a  perfect  vacuum,  and  even  if  it 

Table  143.     Theoretical  Horsepower  Required  to  raise  Water  to 

Different  Hights* 


Feet 

1 

5 

10 

15          20 

1 

25 

30 

35 

40 

45 

1 

Cial.  per  mill.      Mgd. 

'       ""1 

1 

5              0.007 

0.006 

0.012 

f 

0.019 

0.026    0.031 

0.037 

0.044 

0.05 

0.06 

10 

0.014 

0.012 

0.025 

0.037 

0.050,  0.062 

0.075 

0.078 

0.10 

0.11 

15 

0.022 

0.019 

0.037 

0.056 

0.075 

0.094 

0.112 

0.131 

0.15 

0  17' 

20 

0.029 

0.025 

0.050 

0.075 

0.100 

0.125 

0.150 

0.175 

0.20 

0.22 

25 

0.036 

0.031 

0.062 

0.093 

0.125 

0.156    0.187 

0.219 

0.25 

0.28 

30 

0.043 

0.037 

0.075 

0.112 

0.150 

0.187    0.225 

0.262 

0.30 

0.34  ; 

35 

0.050 

0.043 

0.087 

0.131 

0.175 

0.219 

0.262 

0.306 

0.35 

0.39 

40 

0.058 

0.050 

0.100 

0.160 

0.250 

0.300 

0.300 

0.350 

0.40 

0  45! 

45 

0.065 

0.056 

0.112 

0.168 

0.225 

0.281 

0.337 

0.304 

0.46 

0.51 

50 

0.072 

0.062 

0.125 

0.187 

0.260 

0.312 

0.375 

0.437 

0.50 

0.56 

60 

0.086 

0.075 

0.150 

0.225 

0.300 

0.376 

Q.450 

0.526 

0.60 

0.67 

75 

0.108 

0.093 

0.187 

0.281 

0.375 

0.469 

0.662 

0.666 

0.75 

0.84 

90 

0.129 

0.112 

0.225 

0.337 

0.450 

0.662 

0.675 

0.787 

0.90 

1.01 

100 

0.144 

0.126 

0.250 

0.375 

0.500 

0.626 

0.750 

0.875 

1.00 

1.12 

125            1  0.180 

0.156 

0.312 

0.469 

0.625 

0.781 

0.937 

1.094 

1.25 

1.41  ; 

150 

0.216 

0.187 

0.376 

0.662 

0.750 

0.937 

1.125 

1.312 

1.50 

1.69  , 

175 

0.252 

0.219 

0.437 

0.666 

0.875 

1.094 

1.312 

1.531 

1.75 

1.97  i 

200 

0.288 

0.250 

0.600 

0.760 

1.000 

1.260 

1.500 

1.750 

2.00 

2.25 

250 

0.300 

0.312 

0.626 

0.937 

1.260 

1.662 

1.875 

2.187 

2.50 

2.81  ! 

300 

0.432 

0.375 

0.750 

1.125 

1.600 

1.876 

2.260 

2.626 

3.00 

3.37  i 

1 

350              0 . 504 

0.437 

0.875 

1.312 

1.750 

2.187 

2.625 

3.062 

3.50 

3.94 

400 

0  576 

0.500 

1.000 

1.500 

2.00    2.500 

3.000=  3.500 

4.00 

4.50 

600 

0.720 

0.625    1.250 
)        90        100 

1.875    2.500 

2.125    3.750    4.376 

1              ' 

6.00 
300 

5.62  i 

1 

Fcot             00        7; 

r     1 

(ial.  |HT  iniii.              1 

125        150 

1 

175 

200 

250 

l_ 

350 

1 

!           ! 

1 

! 

5          ,0.07    0. 

09    0.11 

0.12 

.                            1 
0   16      0   19,     0.22'     0.25!     0.31      0.37 

0  44 

10             0.  15i  0. 

19    0.21 

5    0.25 

0  31       0  37      0.44      0.50!     0.62      0.75 

0.87 

15             0.22;  0 

28i  0.34 

\    0.37 

0  47;     0.56 

0.66      0.76 

0.94;     1.12 

1.31 

20 

0.301  0. 

J7 

O.4.' 

>    0.50 

0.62!     0.75 

0.87      1.00 

1.261     1.60 

1.75 

25 

0.37.  0. 

17 

0.5t 

>    0.62 

0.78 

0.94 

1.09 

1.25 

1.66 

1.87 

2.19 

30 

0.45    0. 

"iC 

0.07 

'    0.75 

0.94 

1.12 

1.31 

1.50 

1.87 

2.26 

2.62 

35 

0.52    0 

[>6 

0.71] 

\    0.87 

1.08 

1.31 

1.53i     1.751     2.19 

2.62 

3.06 

40 

0 .  (U) 

0. 

75 

0.9f 

)    1.00 

1.25 

1.50 

1.75'     2.00[     2.50 

3.00 

3.50i 

45             0.«7 

0.1 

^4 

1.01 

1.12 

1.41       1 . 69 

1.97!     2.25!     2.81 

3.37 

3.94 

50             0.75    0.< 

[)4 

1.1:^ 

\    1.25 

1.56       1.87 

2.19 

2.50 

3.12 

3.75 

4.37. 

00             0.90    1. 

12 

1.3£ 

»    1.50 

1.87       2.25 

2.62 

3.00 

3.75 

4.60 

5.25 

75          '    1.12 

1. 

10    1.01 

1    1.87 

2.34       2.81 

3.28;     3.75 

4.69 

5.62 

6.56 

00          i    1    35 

1.1 

[)H    2.01 

J    2.25 

2.81       33.7      3.94      4. SO'     6.62 

6.75 

7.87; 

100          1    1    50    1.1 

H7:   2.2." 

»    2.50 

3    12      3  75      4.37      6.OO!     6.25 

7.50 

8  75, 

125          1    1.S7    2.; 

1             1 

M;  2.M,   3.12 

1            1 

3.91       4. (•9      5.47 

1 

6.25 

7.81 

9.37 

10.94 

i:>0             2.25    2.! 

^1    3.37    3.75 

4.09      5. 62      6.56 

7.60 

9.37 

11.25 

13  12 

17.'i            2  r»2    3  : 

2S'   3.94    4.37 

5  47      6  56      7.66      8.75    10.94 

13.12 

15.31. 

LHM)             3   00    3.' 

75    4.50    5  00 

6  25      7.:>0      8.75    10.00 

12.50    15.00 

17.50 

250             3   75    4.( 

V^    5.«2    G  25 

7. SI       9.37     10.94;   12.50 

15.72    18.75 

21.87 

300             4.50    5.( 

1 

r.2    0.75    7.50 

9.37     11.25    13.12;   15.00    18.75    22.50 

>              1                             1 

26.25 

3.">0             5   25    «   . 

^{\    7.S7    S.75 

10  94     13   12    15. 3l'   17.50    21.87    26.25 

30.62 

Am             r.   (H)    7   . 

•X)    9.00  10.00 

12  50     15()0     17.50    20.00    25.00    30.00 

35  00 

5lK)              7  .  50    0 . . 

M  11.2.")  12.50 

15.62     IS. 75    21.S7j  25.00,  31.25    37.50 

43  75 

per 


Tlio   thoorrtical   hor!»opow«T  re«iuiro«l  to  olevato   water  u  found  by  multiplying  gals. 
niiii.  by  total  lift   unrluding  friction^  in  ft.,  and  dividing  by  4000.     Plus  error  of  2.S  i 
•  IVan  Steam  Pump  Works,  Indianapolia. 


PUMPS,  PUMPING  STATIONS  AND  EQUIPMENT  469 

"tbere  muat  be  enough  difference  between  the  pressure  in  the  pump  chamber 
maA  the  atmoephere  not  only  to  austain  the  hight  of  the  column,  but  to 
overcome  ita  friction.    For  tables  of  pressures,  see  p.  626. 

SHALL  RECIPEOCATING  PUMPS 

Selecting  Small  Pnmps.  When  selecting  small  pumps  answers  to  following 
questions  are  needed:  (I)  For  what  purpose  is  pump  to  be  used?  (2)  What 
liquid  to  be  pumped?  Hot  or  cold,  clear  or  gritty,  fresh  or  salt?  (3)  From 
what  source  is  supply  to  be  taken?  (4)  Maximum  quantity  to  be  pumped  per 
bour  (or  day  or  minute)?  (5)  To  what  hight  is  liquid  to  be  lifted  by  suction? 
XiCmgth  and  dJam.  of  suction  pipe,  and  number  of  turns?  (6)  To  what  hight, 
rVe  sgfunst  what  pressure  is  liquid  to  be  forced?  Length  and  diam.  of 
ddirery  pipe,  and  Dumber  of  turns?    (7)  Pressure  of  steam?    (8)  Exhaust 


Fia.  273. — Pumping  engine.    Arrangement  of  pipe  connections.    (Dow.) 

(Ttil  on  p.  470.) 

■  fao  atmosphere,  condenser  or  closed  pipe?  If  latter,  what  will  be  back 
'■;  inanire?  (9)  To  be  situated  in  tunnel,  well,  or  on  surface?  (10)  To  be 
;"  ^Mven  by  direct  connection,  belt,  gearii^,  or  otherwise?     (11)  Number  of 

■  >BTOlutious  of  shaft  from  which  power  is  to  be  taken?  (12)  When  eUwtrio 
^  notors  are  to  be  used,  state  whether  current  is  direct  or  alternating,  and  give 
i    "Witage.     If  alternating,  of  how  many  phases?     How  many  cycles  per  second? 

■  Ctder  a  pump  Wge  enough;  slow  piston  speed  is  de^inible,  especially  when 
.  Jumping  against  heavy  pressure.     For  hot  water,  a  pump  at  least  half  larger 

ttan  for  cold  water  should  be  used.     At  various  altitudes,  heat  at  which  steam 
VJKB  should  be  conudered. 

Pumps  of  tiie  piston  type,  owing  to  the  facility  with  which  the  packing  can 
1)6  renewed,  and  the  smaller  clearance  spaces  in  the  pump  cylinders,  are  par- 
ticularly efGcient  for  lifting  water  by  suction,  where  circumstances  are  such 
that  it  is  imposaible  to  prime  the  suction  piping  before  starting  the  pump. 
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Starting.  After  pump  has  made  a  few  strokes  exhausting  to  the  atmoi- 
phere,  three-way  cock  on  exhaust  may  be  turned  and  exhaust  conducted  to 
condenser.  In  the  case  of  a  light  suction  lift,  a  piston  or  plunger  pump  wl 
readily  pick  up  water  in  the  suction  pipe.  Before  starting  a  pump  when  fint 
set  up,  see  that  it  is  not  packed  too  tight;  test  the  valve  motion  to  see  that 
it  is  free.  If  the  movement  of  the  pump  should  not  be  uniform,  one  stroke 
with  the  other,  or  different  parts  of  a  stroke,  or  refuse  to  take  water  from  the 
suction,  it  will  be  found  that  either  some  substance  has  lodged  under  the  val?ei 
to  prevent  their  closing,  or  that  the  pump  gets  air  through  some  leak  in  the 
suction,  or  the  suction  pipe  is  obstructed. 

Sweating  of  Hydraulic  Machinery  is  prevented  by  E.  Jersey  Water  CJo., 
Paterson,  N.  J.,  as  follows:  Clean  the  iron  surface  with  wire  brush;  give  two 
coats  of  red  lead,  then  apply  heavy  coat  of  litharge  and  put  on  as  many  cork 
chips  as  will  stick.  Apply  second  coat  of  litharge  and  again  dust  on  as  many 
cork  chips  as  will  stick. — (E.  N.,  Feb.  11,  1915.) 

Pumping  Hot  Water.  Water  at  high  temperature  cannot  be  raised  far 
by  suction;  supply  should  gravitate  to  pump,  if  water  is  hot  enough  to  hbente 
steam  under  a  partial  vacuum.  If,  in  feeding  boilers,  hot  feed  water  is  to  pus 
through  the  pump  at  about  boiling  point,  it  is  better  to  use  a  size  larger  than 
would  be  required  if  the  heating  were  done  after  the  water  leaves  the  pump. 

Lubricants.    As  a  cylinder  lubricant,  flake  graphite  is  used  alone  or  with 
oils.     It  fills  pores  and  irregularities  of  cast  iron,  and  imparts  to  the  suifacee 
of  piston,  cylinder,  and  valves  a  smooth,  dense  coating  and  brilliant  polish, 
without  apparent  pore  or  crack.     Where  cylinders  "groan"  from  insuffident 
lubrication,  application  of  a  little  graphite  and  oil  through  hand  pumps 
will  cure  the  trouble  almost  instantly.     Where  cylinders  and  valves  are  scored 
and  cut,  flake  graphite  rapidly  fills  in  and  overlays  irregularities,  restoring 
surfaces  to  smoothness.     When  bearings  are  grease  lubricated,  4  or  5  per  cent 
flake  graphite  may  be  mixed  with  the  grease  and  fed  regularly;  4  to  6  per  cent 
by  weight  of  graphite  well  mixed  with  good  machine  oil  makes  a  satisfactoiy 
proportion,  thin  enough  never  to  clog  the  oil  ways.     One  great  barrier  to 
adoption  of  superheated  steam  has  been  the  difficulty  of  providing  adequate 
and  reliable  cylinder  lubrication;  at  these  high  temperatures  flake  graphite 
lijus  provod  a  reliable  remedy  for  insufficient  lubrication.    Graphite  introduced 
into  a  steam  cylinder,  finds  its  way  to  the  stuffing  boxes  and  packing,  and  pre- 
vents scoring,  fluting,  or  rusting.    Any  separator,  grease  extractor,  or  settlini 
tank  that  will  remove  even  a  fair  percentage  of  cylinder  oil  wiQ  remove  aH 
graphit<>  that  goes  out  with  the  exhaust.    Graphite  passing  into  a  separator 
adheres  to  the  baffle  plates;  remove  and  clean  them  from  time  to  time.  For 
certain  types  of  separators  it  is  convenient  to  purchase  duplicate  baffle  plat* 
whicli  can  be  changed  in  a  few  minutes  and  the  coated  plates  cleaned  at  leisure. 
Speciific  gravity  of  graphite  is  greater  than  of  oil,  therefore  it  is  but  a  matttf 
of  time  before  graphite  mixtxl  with  oil  settles,  no  matter  how  finely  pulveriiri 
or  how  heavy  the  oil.     Do  not  attempt  to  feed  graphite  mixed  with  oil  in 
gravity  oil  cups  or  sight-feed  lubricators,  graphite  might  settle  and  clog  the 
feed.     Have  a  special  oil  can  for  jjraphite  and  oil  (a  heaping  teaspoonful  of 
graphite  to  a  pint  of  machine  or  engine  oil)  and  shake  thorouglily  before  apply- 
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arrangement  is  marked;  live  steam  may  be  admitted  to  the  receiver  without 
danger,  since  the  load,  which  in  a  cross-compound  would  come  on  one  frame,  if 
distributed  on  two,  each  as  strong  as  the  high-pressure  frame,  so  that  no  matter 
how  hurriedly  or  unskillfully  the  machine  is  handled  while  pushing  thesenritt 
up  to  fire  pressure,  chances  of  damage  at  this  critical  time  are  reduced  a  hilf. 
In  a  duplex  double-acting  fly-wheel  machine  the  minimum  flow  is  54  per  cent 
of  the  maximum,  while  in  a  three-cylinder  machine  the  minimum  is  sppnad- 
mately  74  per  cent,  of  the  maximum. 

CYLINDER  DATA  FOR  ENGINES  AND  PUMPS 

w 

Pump  Cylinder  Capacity.  (For  table  of  cylinder  capacities,  see  p.  630.) 
Piston  Speed,  The  ordinary  speed  for  single-stroke  pumps  is  100  ft.  ol  pistoo 
travel  per  min.;  for  double-stroke  pumps,  140  ft.  For  feeding  boilen, 
speed  should  not  exceed  50  ft.,  or  30  to  40  strokes  per  min.  when  the  boiler 
is  evaporating  at  its  normal  rating,  30  lbs.  of  water  per  hp.  per  hr.  In 
fire  pumps,  where  the  largest  quantity  is  required,  the  speed  may  exceed  200 
ft.  per  min. 


Table  144. 

Strokes  Required  to  Reach  Piston  Speed  of  100  ft 

per  Min. 

LenKth  of 

Number  of 

Lensth  of 
atroke,  in. 

Number  of           Length  of 

Number  of 

stroke,  in. 

Btrokoa         , 

strokes        ij     stroke,  in. 

strokei 

4 

300 

12 

100 

24 

50 

5 

240 

14 

86 

26 

46 

6 

200 

16 

75 

28 

43 

7 

172 

18 

67 

30 

40 

8 

150 

20 

60 

36 

33 

10 

120         1 

22 

55 

40 

30 

Theoretical  Discharge.  To  find  the  number  of  gallons  delivered  per  min. 
by  a  single-acting  pump  at  100  ft.  piston  speed  per  min.  square  the  diam.  of 
the  phingers,  then  multiply  by  4  (roughly). 

Proportion  betircen  Steam  and  Pump  Cylinder  is  determined  by  multiphTUg 
the  given  area  of  the  pump  cylinder  by  the  resistance  on  the  pump  in  lbs. 
per  sq.  in.,  and  diviclinji:  the  product  by  the  available  pressure  of  steam  in 
lbs.  per  sq.  in.  The  product  equiils  the  area  of  the  steam  cylinder.  To 
this  must  be  added  an  extra  area  to  overcome  the  friction,  usually  taken  at 
25  per  cent. 

Ride  for  Stram  Pres.^ure  Required ^  when  the  lift,  area  of  the  water  cylin- 
der and  area  of  the  steam  cvlinder  are  known:  Take  half  the  lift  in  feet,  mul- 
tiply  by  the  area  of  the  water  cylinder  in  scjuare  inches,  add  25  per  cent,  of 
this  to  itself  and  divide  by  the  area  of  the  st^am  cylinder  in  square  inches 
(approximate). 

Slip  of  Pumping  Engines  Ls  so  often  undL«^covered,  so  important  and  so 
easily  detected  that  there  is  no  excuse  for  the  waterworks  superintendent  to  be 
ignorant  regarding  the  condition  of  his  pumps  in  this  respect.  A  Ventun 
meter  on  the  discharge  and  a  counter  on  the  engine  arc  most  convenient  and  all 
that  arc  necessary  for  this  determination.    A  comparison  of  the  volumes 
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ized  to  admit  live  steam  to  a  high-pressure  rotor  when  the  low-preasure  mpflT 
is  not  sufficient  to  carry  the  load,  the  high-pressure  portion  ordinarily  mwag 
idle.  All  types  are,  as  a  rule,  fitted  with  an  outside  spring,  the  tensionc^ 
which  can  be  changed  and  speed  of  turbine  modified  without  stopjHogiL 
This  is  shown  on  the  extreme  left  of  Fig.  278. 


Reduction  Gears  u.=!cd  by  all  turbine  manufacturers  are  oRsentially  ^^ 
name,  varying  imly  in  the  methods  of  manufacture  and  degrees  of  refinement iP 
muntifavtun^  and  dpsign.  These  ore  in  all  cases  of  double-helical  type,  bet'*' 
known  lis  hcrrinR-lionc  genrs.  This  part  was  tor  many  years  the  stumbfef 
block  in  the  way  of  tidapting  steam  turbines  to  pumping,  but  refinements •)! 
manuCai'turc  hiivo  resulted  in  gears  as  durable  w*  the  turbine  itself.  Theefr 
cii'iicy  of  this  lype  of  gear  will  vary  from  Dti  |)er  cent,  to  98  per  cent,  when  i" 
giHid  condition. 

Lubrication.  Steam  turbines  are  lubriciitcd  in  two  waj-s:  by  oil  rinp  nn^ 
by  forced  feed  n  ceo  m  pa  nice!  with  ring  oiling.  In  the  case  of  forced  lubricatioii 
a  geared  ])iimp  is  driven  from  some  revolving  member.  In  the  case  of  theofl- 
rcLiy  governors  this  pump  is  directly  attached  to  the  governor  spindle,  »nd 
oil  not  required  in  the  guvernor  is  relieved  through  reducing  valves  and  tbrt 
conducted  to  the  licarings,  in  some  eases  at  different  pressures  for  diffewrt 
piirfs  of  the  try-slem.  luich  bearing  is  made  with  an  oil  well  of  large  capwitTi 
the  overflow  of  which  is  free  and  such  as  not  to  disturb  the  main  body  of  fl 
ind  prevent  sedimentation.    Oil  overflow  ia  returned  to  the  pump  through  > 
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Table  145.    Consumption  of  Steam  per  Brake  hp.-hr.  by  Steam  Tarbinei* 


Brake  Hp. 

150  Ibe.  dry  Bteam,  28'  vac., 
lbs.  per  hour 

100  lbs.  dry  tteam,  28'  tm., 
lbs.  per  hour 

800 

13.2 

14.0 

700 

13.4 

14.2 

600 

13.5 

14.4 

500 

14.0 

14.8 

400 

14.6 

15.5 

300 

15.1 

16.2        ' 

200 

15.7 

16.9 

100 

16.5 

17.6 

Steam  consumption,  lbs.  per 
Brake  np.-hr. 


For  27-m.  vacuum  instead  of  28  in.,  above  steam  consumptions  would  be 
increased  5  per  cent.  At  }  load,  steam  consumptions  would  be  increased  4 
per  cent.;  at  i  load,  15  per  cent.  Another  prominent  manufacturer  gives  the 
following  rates  and  corrections  for  125  lbs.  pressure,  dry  steam,  and  28}-in. 
vacuum. 

Brake  hp. 
1500  12.1 

1000  12.5 

750  13 . 0 

500  13.5 

250  15.0 

Correction  for  steam  pressure  is  1)  per  cent,  for  each  10  lbs.  between  100  and 
125  lbs.;  correction  for  vacuum  is  5  per  cent,  per  in.  between  26  and  29  in.; 
superheat,  1  per  cent,  for  each  10°  up  to  100°  F.;  for  pressures  above  125 
lbs.  correction  will  be  1  per  cent,  for  each  10  lbs.  pressure,  for  vacuum  and 
superheated  steam  as  above  stated. 

Economy.  Duty  of  turbine  pumping  units  h£^  almost  as  wide  a  range  as 
that  of  reciprocating  units.  Duties  as  high  as  140,000,000  ft. -lbs.  per  1000 lbs. 
of  steam  are  not  uncommon,  and  152,000,000  ft. -lbs.  have  been  obtained.  Fol- 
lowing are  data  and  specifications  for  a  steam-turbine-driven  pump  for  Mont* 
clair  Water  Co.,  Paterson,  N.  J.,  installed  in  1915.  The  turbine,  sho\Mi  in 
Fig.  275,  is  1000  hp.,  reduction  gearing  3900  to  1400  r.p.m.,  dri\-ing  a  Ti-mgd., 
18-in.  double-suction  centrifugal  pump  against  310  ft.  combined  suction  and 
discharge  head,  measured  adjacent  to  suction  and  discharge  nozzles.  The  con- 
denser is  in  a  by-pass  and  requires  1150  g.p.m.  circulating  water  obtained 
directly  from  pump.  Air  and  condenser  pumps  are  direct-connected  to  the 
main  pump  shaft.  Duties  in  this  table,  therefore,  include  power  consumed  by 
auxiliaries.  Steam  pressure  is  175  lbs.;  superheat  at  throttle,  lOtf*  F.; 
floor  space  occupied  19  ft.  by  6  ft.  9  in.,  hight  7  ft.;  capacity  at  150  ft.  total 
head,  17  mgd. 


Water  discharKe  in  gali*. 
I>or  24  nr. 


12,000,000 
12,000,000 
12,000,000 
12,000,000 


Temp,  of  water 

throuKn  condenser, 

«  F. 


\r       '  t  I  Guaranteed  duty,  ft.4bi- 

'*^-  'VZ^^""^''  P^r  low  Ibe.  rte.m 

»"*^*^^«  I        Supplied  to  turbine 


55 
65 
70 
75 


29.00 
28 .  60 
28 .  35 
28.10 


144,000,000 
141,000,000 
139,000.000 
137,000,000 


*  Information  furnished  by  a  reputable  manufacturer. 


484  WATERWORKS  HANDBOOK 

CEHTRIFUGAt  P1JB4PS  • 

(By  J.  Howud  WUliauu,  Mesh.  Enp.,  Boud  of  Water  Supfdy,  New  York) 

Derelopment.  Until  very  recent  years,  centrifugal  pumpe  had  little  uw- 
fulness  in  waterworks,  except  as  auxiliaries,  because  of  the  inability  of  tninii- 
facturers  to  produce  an  efEcicnt  source  of  power  for  driving  them.  As  main 
pumping  units  driven  by  steam  engines,  they  proved  failures,  because  of  lh< 
impossibility  of  building  economical  steam  engines  of  the  speeds  required 

Modern  electric  motors  increased  the  usefulness  of  centrifugal  pumps,  but 
even  with  motors  they  can  be  used  as  main  pumps  only  where  electric  pomr 
is  available  at  low  cost,  or  where  service  is  too  intermittent  to  warrant  main- 
taining a  steam  plant.  For  fire  service,  or  in  special  cases,  such  aa  unwaterini 
mines  and  tunnels,  the  electrically  driven  pump  has  a  field.    With  the  advat 


Fin.  279. — Typiciil  scotion  of   De  Laval  Binnlp-stftRe,  double-auction  centriJi^ 
pumixs  of  smull  and  inoderate  size. 

of  the  steam  turbine,  centrifugal  pumps  really  came  into  usefulness  as  main 
pumping  units  as  well  us  auxiliaries,  and  although  tlio  nloam  turbine  is  a  later 
miichiiie  in  development,  it  may  be  said  that  cfiiciont  electric  and  steam  turbine 
drives  were  dovclo]>ed  simultaneously.  (For  the  steam  turbine,  see  p.  475.) 
In  a  tew  cases  waltT  turbines  arc  being  used  as  prime  movers  for  centrifui" 
pumps,  and  as  such  are  proving  economical. 

Centrifugal  Pump  Types.  There  arc  two  and  they  may  be  suhdlridf^ 
into  classes  iii'eiirdiiig  to  details  of  construction.  In  the  principal  type  llw 
imi)elltTs  clis('liar(;c  Hator  from  their  iMTii)lieries  into  collecting  chambere, 
in  which  the  velocity  of  tbc  water  is  slowed  U>  that  of  pump  discharge.  '> 
the  second  type  impellers  discbarge  into  chaml>ers  having  guide  vanes  which 
conduct  the  water  to  collecting  chambers  at  their  peripheries,  and  at  the  saw 
time  bring  the  velocity  to  that  of  discharge  in  such  a  way  as  to  prevent  ii*' 

*  For  data  on  UstiDi  appuatus,  k«  .McrrimaD't  "  TreatiM  on  Hydraulic*,"  John  Wilcjr  A  St* 


488  WATERWORKS  HANDBOOK 

13  a  lantern  gland,  and  on  top  of  this  mor£  hemp.  Leak-oS  is  provided  oppeii 
the  lantern  gland  so  as  to  permit  a  certain  amount  of  leakage  (which  m^  h 
wasted  or  returned  to  suction  side),  acd  thereby  avoid  tightening  the  ^andti 
such  a  degree  that  heating  would  develop.  In  pumps  where  partial  vteam 
exists  on  stuffing-boxes,  water  at  low  pressure  is  admitted  to  the  lantern toGI 
this  space  to  the  exclusion  of  air.  Purchasers  should  be  sure  that  pumps  hnt 
this  provision.  AU  stuffing-boxes  should  be  provided  with  a  drip  recepbdt 
draining  leakage  to  waste.  Casings  should  always  be  lined  with  bearing  broui 
where  shaft  projects  inward  from  stuffing-boxes. 

Thrust  Bearings.  A  centrifugal  pump  is  never  wholly  balanced  agtunl 
end  thrust.  Pumps  with  double  suction  and  single  outlet  are  nearest  to  tia 
realization,  but  it  is  necessary  to  provide  collars  on  the  shaft  to  keep  Uie  i>- 
peller  Jn  its  proper  position  inside  the  casing  and  to  take  thrust  resulting  fna 
unequal  flow  of  the  two  inlets  and  inequality  of  areas  of  passages.  UabSitj 
to  end  thrust  is  greatest  in  the  multi-stage  classes.    Many  unmccMfal 


attempt.1  have  been  made  to  balance  against  end  thrust,  and  althou^  itt*" 
be  done  theoretically,  it  is  never  actually  done.  The  latest  development  P 
theoretically  balanced  multi-stage  pumps,  is  the  design  of  impellers  with  b»ffl* 
rings  front  and  back,  with  holes  in  the  back  of  each  impeller  so  astoequaliiel* 
pres-sures.  This  remedy  in  only  partially  successful  as  it  cannot  be  used  eB*!* 
in  conjunction  with  a  thrust  bearing.  See  Kig.  280.  To  hold  the  pumppM* 
in  correct  relation,  thrust-bearings  of  the  marine,  ball,  roller  and  piston  tyP* 
are  all  in  succes-sful  use.  In  Fjg.  281  is  shown  pump  with  multi-marine  tdte 
thrust.  Fig.  282  shows  a  pump  with  a  balance  piston  for  carrying  end  thrwt 
Fig.  285  shows  two  ])rineipal  types  of  water  thrust;  water  is  admitted  to  «« 
side  of  the  piston  through  an  orifice,  which  may  be  of  fixed  or  variable dK,i 
second  orifice  allows  the  escape  of  the  water  through  to  the  back  of  the  jaatai. 
and  a  third  orifice  allows  it  to  return  to  some  low-pressure  part  of  the  pumpi 
usually  the  first  stage.  By  floating  within  fixed  limits  the  piston  automatiollj 
controls  pressure  on  the  two  sides,  and  keeps  the  pump  rotating  not  upon  b«M- 
ings,  but  upon  water.    In  some  types  of  hydraulic  thrusts  the  third  orifice  * 
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ammeter  readings.  Purchasers  are  cautioned  in  regard  to  efficiency  and 
power  factors  of  motors  as  they  vary  with  change  of  load  upon  the  motcr, 
and  its  temperature.  If  the  pump  is  to  handle  warm  or  hot  water,  the  ten- 
perature  of  the  water  during  test  should  be  as  near  that  of  the  tempenture 
under  service  as  is  possible  to  obtain.  During  service,  a  pump  should  benre* 
fully  tested  from  time  to  time,  and  the  results  compared  with  those  obtiiiMl 
at  the  time  of  purchase,  in  order  to  determine  the  need  of  examination  and 
renewal  of  interior  parts. 

Pump  Characteristics.  Relation  between  head,  capacity,  speed,  and  hone- 
power  required  to  drive  a  centrifugal  pump  can  be  expressed  by  curves  plotted 
either  from  calculations  or  from  test  data,  and  these  curves  represent  thediv- 


CLP.M. 
Fig.  286. 


acteristics  of  the  particular  impeller  chosen.     Without  altering  the  pump  casing 
to  any  great  extent,  any  one  of  a  variety  of  impellers  each  having  separate  and 
distinct  characteristics  may  be  used,  so  that  for  any  given  size  of  pump,  capac- 
ity may  remain  constant  while  head,  speed  and  horsepower  required  are  varied 
over  a  wide  range.     Theoretically  the  capacity  produced  by  an  impeller  varies 
directly  as  the  peripheral  speed,  while  the  head  produced  varies  as  the  square 
of  the  speed,  and  the  power  required  to  drive  it  varies  as  cube  of  the  speed. 
Typical  characteristic  curves  are  shown  in  Fig.  286.     In  these  curves,  capac- 
ity, total  head  pumped  against,  brake  horsepower  and  efficiency  are  all  shown 
when  the  pump  is  operating  at  a  constant  speed.     For  instance,  the  capacity 
required  is  3500  g.p.m.;  a  vertical  line  from  the  point  midway  between  3000 
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Importuit  Data  for  Centrifugal  Pump  Designen: 

1.  Number  of  pumps  required  and  nature  of  service. 

2.  Is  vertical  or  horiiontal  type  of  pump  desired? 

3.  Capacity  required  id  g.p.m.  (U.  S.  or  Imperial). 

4.  Total  pumping  head — suction  and  discharge  head,  plus  pipe  friction. 

5.  Maximum  auction  lift  and  distance  from  source  of  supply. 

6.  Length  and  aiie  of  suction  u)d  discharge  pipes,  giving  number  and  luodrf 

7.  If  pumping  head  is  variable,  what  is  maximum  variation  for  both  tuclin 
and  dischairge? 

8.  if  pump  is  located  below  source  of  supply,  will  it  be  submerged  or  pUcedii 

a  dry  pit  7 


Gals,  per  MIn. 

Fill.  288. — Curves  ahowing  hpnda,  capacities  and  efTicicncica  at  various  speedifur 
No.  U,  S  ami  10  <toul>lc-suctioii,  single-stage,  splLt-<^aae  centrifugal  pumpa, 

9.  Will  pump  bo  rpquircd  tii  operafc  continuously?     If  not,  at  what  i[iterv»lif 

10.  Nature  of  liciuid  to  be  punipi^ — liot,  clear,  frpsh,  alkaline,  cold,  grillf. 
salt,  or  acidulous;  give  ten iperii tun-  and  s|XTific  eravily. 

11.  If  pump  is  to  bo  driven  with  olwlric  motor,  give  current  characteristics; 
if  din-el  current,  give  voltiige;  it  alternating  current,  give  phases,  cyeh-s  ami  vo"- 
age;  give  type  of  elpctric  eontnil  draired. 

12.  It  pump  is  to  be  steam-driven,  is  reciprocating  engine  or  steam  lurbint 
desired?  Give  Hteam  pressure,  superiiuat,  it  any,  condensing  or  non-condpnauill 
if  condensinR  give  vacuum. 

IK.  It  pump  is  belt-driven,  give  speed  and  diameter  of  driving  pulley,  if  possiU* 
14.  Give  direction  of  rotation. 

Instructions  for  Setting  up  and  Operating.  The  pump  should  be  located 
so  that  all  parts  are  accessible.     Foundations  Khould  be  of  sufficient  depth  tn 
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support  the  pump  base  rigidly,  and  should  be  located  in  accordance  with  the 
foundation  plans  of  the  pump,  but  sufficient  allowance  should  be  made  for 
lateral  adjustment  of  the  bolts.  After  the  bed  plate  has  been  bolted  in  pos- 
tion,  and  after  the  pump  and  motor  have  been  placed  in  their  final  positioiB, 
the  unit  should  be  carefully  tested  for  alinement  by  inserting  a  machinist't 
thickness  gage  between  the  coupling  flanges  and  by  making  sure  that  the  whole 
shaft  revolves  freely  when  coupled  together.  The  bed  plate  should  then  be 
rigidly  grouted  in  place  and  the  pump  and  motor  dowelled  to  the  bed  plate. 
Suction  and  discharge  piping  may  then  be  connected,  but  care  should  be  eui' 
cised  that  these  pipes  come  to  the  pump  flange  evenly  and  without  stnin.  ' 
After  pipe  connections  are  made,  alinement  should  again  be  checked.  Care 
should  be  taken  to  see  that  no  air  pockets  are  in  the  suction  line.  The  pump 
should  be  placed  close  to  the  water,  and  the  suction  pipe  should  have  few  or  no 
bends.  Wherever  possible,  suction  lift  should  not  exceed  15  ft.  from  level  in 
well  to  center  of  shaft  of  pump,  for  cold  water;  hot  water  should  come  to  the 
pump  with  little  or  no  lift. 

Priming  Pumps.  Most  centrifugal  pumps  do  not  operate  unless  fully 
primed,  and  it  is  necessary  to  use  some  method  of  priming.  Simplest  is  to  dose 
the  valve  in  the  discharge  and  fill  the  system,  when  there  is  a  foot  valve  on  the 
suction  pipe.  In  many  cases,  foot  valves  are  not  practicable  nor  desirable, 
and  it  is  then  necessary  to  close  the  discharge  valve  and  prime  with  a  vacuum 
pump  or  ejector.  When  foot  valves  are  used,  it  is  necessary  to  see  that  they 
are  of  the  free-opening,  clapper  type  with  area  through  the  valve  sufficiently 
great  to  avoid  unnecessary  resistance.  After  vacuum  priming,  the  pump  may 
be  brought  to  rated  speed  with  the  discharge  valve  closed,  and  then  the  pump 
put  into  service  by  opening  the  discharge  valve.  Air  or  other  gases  in  the8U^ 
tion  pipe  or  well  will  reduce  the  delivery  and  efficiency.  Care  should  be  taken 
to  eliminate  air  before  it  enters  the  suction  pipe  by  using  a  system  of  baffling. 

Operation.     Since  a  centrifugal  pump  depends  upon  speed  to  deUver  the 
rated  capacity  against  the  rated  head,  this  speed  should  be  maintained. 
Great  care  should  be  given  the  shaft  stuffing-boxe^,  especially  those  on  the  suc- 
tion end,  to  see  that  no  air  enters.     When  wat<;r  seal  lanterns*  are  used  in  stuff- 
ing-boxes, the  gland  bolts  should  be  drawn  up  tight  at  first,  then  released  » 
that  they  will  be  finger  tight  and  allow  a  small  leak  of  water  through  the  gland. 
This  method  secures  long  life  for  packing  and  reduces  liability  of  cutting  the 
shaft.     So  long  as  the  attendant  can  see  water  emerging  from  the  stuffing-box, 
he  is  safe  in  assuming  that  no  air  is  entering.     A  gate  valve  and  a  check  valve 
should  be  placed  in  the  discharge  close  to  the  pump.     The  latter  is  especially 
necessary  in  long  lines,  because  if  the  pump  is  suddenly  stopped,  the  momen- 
tum of  the  long  water  column  may  cause  a  water-hammer  that  will  split  the 
pump  casing.     Before  starting  new  or  unused  centrifugal  pumps,  it  Is  ad\nsable 
to  clean  out  the  bearings  thoroughly,  including  the  thrust  bearing,  by  pouring 
in  kerosene  and  allowing  it  to  run  out  at  the  bottom,  as  dirt  is  liable  to  get  in 
during  shipment  or  idleness.     The  bearings  should  then  be  filled  as  full  aa 
possible  with  first-class  lubricating  oil  similar  to  turbine  oil.     In  order  to  dis- 
cover whether  a  pump  is  operating  under  the  conditions  for  w^hich  it  was  sold 
very  little  investigation  is  required.    The  djrnamic  head  is  readily  obtained 

•  See  p.  487,  "  Stuffing  Boxes." 
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ing  and  stopping  the  motor  upon  the  vaimtion  of  from  3  to  5  per  cent,  of  the 
maximum  pressure  for  which  the  gage  is  designed. 

Referenixs.  Great  varieties  of  pumping  miits  are  ofiered  by  a  large  number  if 
makers;  many  of  tliem  are  quit«  satisfactory  for  usual  requiremenlA.  Mncb  td- 
ditionsl  useful  information  may  be  had  from  the  publications  of  the  best  mui- 
facturera.  Reference  is  also  made  to  "Centrifugal  Pumping  Machineiy"  hj  C 
G.  De  Laval  (McGraw-Hill  Book  Co.,  Inc..  1912);  "Centrifugal  Pump^"  Low* 
Btein  and  Crissey  (Van  Nostrand,  Idll);  "Centrifugal  Pumpe,"  R.  L  DauslMnj 
(McGraw-Hill  Book  Co.,  Inc..  1815) 

MISCELLANEOUS  TYI^S  OF  PUMPS 

Humphrey  Pump  is  a  directr-acting  gas  explosion  device,  invented  mEn^ 
tand,  improved  in  U.  8.,  in  which  the  expanding  gas  forces  the  water  throoib 
the  discharge  pipe.  Made  by  Humphrey  Gas  Pump  Co.,  Syracuse,  N,  Y. 
Very  few  in  use.— (See  E.  N.,  Dec.  2, 1909,  Apr.  17  and  Dee.  25,  1913,  uid 
Jan.  28,  1915.) 

The  d'Auiia  Pump  has  as  a  compensating  device  an  oscillating  column  of 
water  actuated  by  a  plunger  inserted  between  steam  and  watw  cylinden; 
it  responds  promptly,  automatically  and  to  the  degree  neceBsary  to  prevail 
sudden  or  material  variation  of  speed  due  to  change  of  load.  D'Auria  pump 
at  Atlantic  City  was  built  by  Henry  G.  Morris,  Philadelphia,  after  dnigns  b^ 


Fio.  289.— Triplex  nam  arrangement,  Luitwieler  engines. 

inventor,  Luigi  d'Auriii,  and  was  placed  in  service  Jan.  1,  1902.  Jan.  29,  IMS, 
a  10-hr.  test  developed  73,679,000  ft.-!bs.  per  1000  lbs.  of  commereiaUy  drp 
steam,  capacity  bemg  3,411,000  gale,  per  day,  with  at«am  at  88.6  lbs.  and  tolsl 
lift,  including  suction,  1 19.06  ft. ;  efficiency  of  steam  end,  85.4  per  cent.;of »»'« 
end  93.0  jier  cent. ;  two  combined,  80  per  cent.  Soon  after  pump  was  put  int* 
commission  a  blank  flange  on  20-in.  force-main  blew  off,  but  adjustmeat  ms 
prompt,  easy  and  effective,  with  no  damage  to  the  pump. — (Kenneth  Allm, 
T.  A.  S.  C.  E.,  Vol.  74,  1911.) 

Those  pumps  have  now  only  historical  interest. 

Riedler  Pumps  arc  high-speed  reciprocating  steam-driven  pumps  (50  ta 
60  r.p.m.)  sf>-called  l>ecause  equipped  with  special  all-metal  grid-iron  waW 
valves  actuated  directly  and  independently  from  the  cn^ne.  ThesevalvW 
were  patented  about  1890  by  Prof.  Alois  Riedler,  in  Germany;  they  have  been 
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i  few  important  pumps  in  this  country,  notably  one  20-mgd.  unit  in 
t  Hilt  pumping  station,  Boston. 

.pulsating  Pumping  Engine.  Fig.  290  shows  arrangement  of  two  cams 
and  bottom  rollers  in  Luitwieler  vertical  pumpii^  engines.  Shape  of 
such  that  water  is  raised  vertically  at  constant  speed.  One  cam  is 
I  position  of  extreme  upward  travel,  other  has  moved  its  rollers  up 
ihowii^  that  there  is  no  pause  of  water,  because  there  are  no  dead 
The  makers  claim  such  perfection  in  balance  and  water  load  as  to 
no  vibration  when  working  under  full  load. 

rams,  Fig.  291,  show  rate  of  suction  and  discharge  during  one  revolu- 
ix  types  of  pumps:  (!)  Single-acting  crank  pump;  (2)  double-acting 
imp;  (3)  single-acting  triplex  pump,  cranks  set  120°  apart;  (4)  double- 
■ank  triplex  pump,  cranks  set  120"  apart  (triplex  pumps  give  as  high 
■  cent,  duty,  Weston);  (5)  Luitwieler  triplex  cam  pump,  cams  set  120° 
ig.  289) ;  (6)  submerged  working  barrel  operated  by  two  cams,  single- 
xinstant  discharge. 


F[<i.  290.  Piti.  291. 

rical  Pumping.  For  reasonable  economy  a  motor  must  run  at  rela- 
gh  speed,  so  pumps  adapted  thereto  must  be  choaen.  Reciprocating 
imps  require  least  power.  Triplex  pumps,  either  single-  or  double-act- 
!  advantage  of  reasonable  uniformity  of  load;  they  are  generally  oper- 
0  r.p.m.  or  less  and  require  belting  or  other  speed-reducing  connections 
8.  Mechanical  efficiency  of  pump  =  65  to  75  per  cent.;  of  good  belt 
sion,  95  to  97  per  cent.;  of  spur  gearing,  in  good  condition,  87  to  93 
The  greater  number  of  installations  have  centrifugal  pumps.  Eo- 
eeds  up  to  1500  r.p.m.,  continuity  of  water  flow,  absence  of  shock  and 
d  economy  of  space,  make  centrifugal  pumps  particularly  adaptable 
-drives.— (C.  B.  Burdick,  in  Proc.  A.  W.  W.  A.,  1910.) 
ur  Pumps.  The  "Reeco"  Rider*  and  "Reeco"  Ericsson  hot-air 
engines  may  be  used  in  connection  with  pressure-tank  systems  as  well 
levated  storage  tanks.  For  shallow  wells,  where  the  pump  is  attached 
linder  of  the  engine,  and  for  domestic  use  where  the  daily  consumption 
and  pressures  from  25  to  75  lbs.,  the  Ericsson  type  is  recommended, 
illation  is  simple  and  no  air  compressor  is  required;  air  and  water  are 

from  Cataloc  of  Hider-EricBBon  Ediido  Co.,  20  Mumy  St..  N.  Y.  (Miy. 
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pumped  at  the  same  time  by  opening  a  pet-cock  in  the  pump,  and  the  eDgine 
is  as  easily  managed  with  the  pressure  tank  as  with  an  elevated  tank.  Where 
deep- well  pumps  are  used,  a  small  air  pump  of  the  simplest  construction  is 
attached,  with  which  there  is  no  difficulty  in  getting  the  desired  pressure. 

The  ^^Reeco^^  Rider  engine  has  a  greater  capacity  and  is  good  especially  for 
deep  wells  and  for  discharging  to  considerable  hight  or  distance.     Only  a  few 
minutes  are  needed  to  build  a  fire  and  when  water  has  been  pumped  for  a  day's 
supply,  the  fire  need  not  be  replenished.    An  ordinary  domestic  can  operate 
these  engines.    All  parts  can  be  examined  and  cleaned  without  difficulty  and 
the  fire  can  be  replenished  without  stopping  the  engine;  it  can  be  made  auto- 
matic by  a  kerosene-burning  attachment.    The  operation  is  as  follows:  The 
compression  piston  first  compresses  the  cold  air  in  the  lower  part  of  the  com- 
pression cylinder  to  one-third  normal  volume,  when,  by  the  upward  motion  of 
the  power  piston,  and  the  completion  of  the  downstroke  of  the  compression 
piston,  air  is  transferred  from  the  compression  cylinder  through  the  regenerator 
into  the  heater  without  appreciable  change  of  volume.     The  increase  of  pres- 
sure corresponds  to  the  increase  of  temperature,  and  this  impels  the  power  pis- 
ton up  to  the  end  of  its  stroke.    The  pressure  remaining  in  the  power  cylinder, 
and  reacting  on  the  compression  piston,  forces  the  latter  upward  until  it  reaches 
nearly  to  the  top  of  the  stroke,  when,  by  the  cooling  of  the  charge  of  air,  the 
pressure  falls  to  the  minimum,  the  power  piston  descends  and  compression 
again  begins.     The  heated  air,  in  passing  through  the  r^enerator,  has  left 
the  greater  portion  of  its  heat  in  the  regenerator  plates,  to  be  picked  up  and 
utilized  on  the  return  of  the  air  toward  the  heater.    Generally  the  engine  is 
placed  near  the  source  of  water  supply,  and  furnished  with  a  rolling-valve 
pump  bolted  to  the  cooler.     Where  the  suction  is  heavy,  or  there  is  a  long  line 
of  horizontal  suction  pipe,  use  a  special  flap-valve  pump.     When  the  vertical 
distance  from  surface  of  the  water  to  the  surface  of  the  ground  is  over  20  ft.,  use 
a  special  artesian- well  pump,  placed  near  surface  of  water  or  submerged,  as 
more  desirable.     Connect  to  the  engine  by  a  pipe  terminating  in  a  stuffing  box 
at  top,  which  is  bolted  to  the  cooler,  all  wat«r  passing  through  the  cooler. 
Through  this  pipe  and  stuffing  box  the  pump  rod  passes.     The  depth  to  which 
pumps  may  be  lowered  depends  on  size  of  engine;  vnih  6-in.  engine  they  may 
be  lowered  100  ft.;  with  8-in.,  200  ft.;  and  with  10-in.,  400  ft.     Pumps  go  into 
wells  2  in.  diam.  and  upward. 

**Reeco'^  Ericsson  is  a  single-cylinder  engine  in  which  are  two  pistons—a" 
air  piston  which  receives  and  transmits  power,  and  a  transfer  piston  which 
transfers  air  at  proper  times  from  one  end  of  cylinder  to  other.    The  operation 
is  as  follows:  After  lower  end  of  cylinder  has  been  sufficiently  heated,  which 
takes  only  few  minutes,  engine  is  started  by  hand  by  giving  the  wheel  oneortwo 
revolutions.     Air  is  first  compressed  in  cold  part  of  cylinder,  then  transferred 
to  lower  end,  where  it  is  instantly  heated  and  expanded,  thus  furnishing  power. 
Momentum  of  fly-wheel  continues  revolution.     Same  air  is  used  continuously' 
Furnaces  are  arranged  for  burning  any  kind  of  fuel.     When  the  water  is  farther 
from  the  surface  than  20  ft.,  it  becomes  necessary  to  use  a  deep- well  pump 
attachment;  the  engine  must  stand  close  to  the  well  and  in  such  a  position  that 
the  pump  rod  will  go  directly  from  the  engine  to  the  pump.    The  pump  should 
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delivery  heads  of  5  to  500  ft. — (S.  B.  Hill,  Proc.  Pacific  Northwest  See.  Eng^ 
Nov.,  1911.) 

Rife  Automatic  Hydraulic  Ram  will  pump  water  500  ft,  high,  30  ft  higl* 
for  every  foot  of  fall;  minimum  requirements,  3  gals,  per  niin.  under  3  ft  hdL 
Has  large  air  chamber,  positively  fed  at  each  stroke,  maintaining  ample  m 
cushion.  Pumping  capacities  up  to  1,000,000  gal.  per  day.  DoublMct^g 
rams  pump  pure  water  by  power  of  impure  water  without  mixing.  Ctabe 
installed  with  pneumatic  tanks  where  overhead  tanks  are  objectionable.  % 
this  means  water  at  low  head  may  be  used  for  raising  a  portion  of  same  or 
other  water  to  higher  level  than  supply.  If  a  ram  be  placed  2  ft.  or  mon 
below  the  surface  of  the  water  in  a  supply  and  power  water  that  escapes  be 
drained  away,  a  constant  flow  will  be  delivered  to  the  higher  point  It  if 
necessary  to  replace  valves  once  in  about  2  yrs. 

A  Double-acting y  or  Double-supply ^  Type  of  Ram  is  shown  in  Fig.  293. 
Without  regard  to  double-supply  feature,  suppose  no  opening  at  H,  valTe 
B  open;  water  from  source  flows  down  drive-pipe  A  and  escapes  through  B 


Rubber 


Vblye  C   Lntor^ed 


Air 
Chamber 


Delivery 
Pipe 


Fm.  20.3. — Cross-soctional  elevation  of  hydraulic  ram. 

(E.  N.,  Dec.  31,  1896.) 

until  pressure  due  to  increasing  velocity  is  sufficient  to  close  B.    At  moment 
flow  through  B  ceases,  inertia  of  moving  water  produces  ramming  stroke, 
which  opens  valve  C,  and  compresses  air  in  chamber  D  until  pressure  of  air 
plus  pressure  due  to  head  of  water  iu  main  is  sufficient  to  overcome  inertia 
of  moving  water  in  drive-pipe.     At  this  instant  water  in  drive-pipe  has  come 
to  rest,  and  air  pressure  being  greater  than  static  head  alone,  direction  of 
motion  is  reversed  and  C  closed.     Water  in  drive-pipe  is  then  moving  back- 
ward, and  with  closing  of  C  tendency  to  vacuum  is  produced  at  base  of  drive- 
pipe;  this  negative  pressure  causes  B  to  open  again,  completing  cycle  of  opera- 
tions.    At  moment  of  iic^gative  pressure,  small  snifting  valve  E  admits  a  snial^ 
(juantity  of  air,  and  at  following  stroke  this  passes  into  cliamber,  which  would 
otherwise  gradually  fill  with  wat<ir.     Weight  of  waste-valve  B  must  be  greater 
than  pressure  of  .statical  head  of  water  on  its  under  side  so  that  it  may  open 
when  column  of  wat^jr  comes  to  rest.     In  the  machine  described  valve  B  ia 
made  as  light  as  consistent  with  necessary  strength;  negative  pressure  at  end 
of  stroke  is  relied  upon  t-o  open  the  valve.     Waste  mechanism  of  Rife  ram 
consists  of  a  large  port-  with  flat,  ample  opening  and  a  large  rubber  valve  with 

*  Within  limits  of  ratio  of  fall  to  lift  giving  roa»onubIe  economy.    See  footnote,  p.  fi02. 
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3unterweight  and  spring  seating,  removing  almost  all  jar  at  closing.  Valve 
'  in  air  chamber  consists  of  a  rubber  disk  with  gridiron  ports  and  convex 
sats,  fastened  at  center  and  lifting  at  circumference.  Efficiency  of  82  per 
ent.  is  claimed.  -A  most  important  detail  in  which  Rife  rams  differ  from 
rdinary  hydraulic  rams  is  the  waste  valve;  a  counterweight  on  a  projecting 
rm  permits  adjustment  to  suit  varying  heads  and  lengths  of  drive-pipe.  By 
djusting  the  counterweight  so  that  the  valve  is  nearly  balanced,  the  valve 
omes  to  its  seat  quickly  after  the  flow  past  it  begins.  The  result  is  that  the 
un  makes  a  great  number  of  short,  quick  strokes  which  are  much  easier  on 
lechanism  than  slower  and  heavier  strokes. 


Power  Waier  Level 
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Level 


,''Air  Chamber 
<"'Oafe  Valves 


«j    Slra/rwr 


Qutck  opening] 
gale -valve  •' 


Check  Valve 
Fig.  294. — Arrangement  of  various  accessories  of  ram. 


Efficiency,     D'Aubisson's  formula  for  calculating  efficiency  is 

Q.iH  +  H.) 


E  = 


QH 


Q  is  e.{,p,s.  flowing  in  drive-pipe;  Q,  is  c.f.p.s.  flowing  to  standpipe  through 

iacharge*  pipe;  H  is  hight  (in  ft.)  from  escapef  valve  to  level  of  reservoir 

hich  feeds  drive-pipe;  H,  difference  in  level  (in  ft.)  of  water  in  supply  reser- 

oir  and  water  in  standpipe  or  other  receiving  vessel.     Rankine  formula  for 

iciency  is 

Q,H. 


E  = 


{Q-Q.)H 


^'Aubisson's  is  correct,  considering  mechanism  as  receiving  energy  at  one  end 
ad  delivering  it  at  other,  while  if  machine  is  considered  as  elevating  water 
oly  from  one  reservoir  to  other,  Rankine's  is  correct.  When  a  pipe  is  at- 
Mshed  at  H  (Fig.  293),  engine  is  termed  double-acting;  water  which  is  purer 
ian  the  water  used  to  drive  may  then  be  supplied  through  /,  and  by  proper 
Ijustment  of  relative  flow  of  impure  driving  water,  and  pure  supply,  the  ram 
^y  be  made  to  deliver  only  pure  water.  This  method  is  used  where  the 
^pply  of  pure  water  is  limited. 

Length  of  Drive^pipe.  To  insure  sufficient  air  being  fed  automatically  at 
*Ujh  stroke,  it  is  imperative  that  the  drive-pipe  should  be  of  proper  length, 
^hich  is  determined  by  the  fall  to  the  ram  and  the  hight  to  which  water  is 
delivered.  In  order  to  obtain  desired  fall,  it  is  frequently  necessary  to  convey 
^ter  a  greater  distance  than  the  length  of  the  drive-pipe  used. 

Directions  for  Setting  Rams.  A  ram  should  be  on  a  level,  firm  foundation; 
t  need  not  be  fastened.    Drive-pipe  must  be  laid  on  a  perfectly  straight  incline, 

*  Same  m  delivery  pipe.  f  Same  aa  waste  valve. 


i  Hydnidis  E 
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known.  One  bidder  might  offer  a  boiler  with  ample  heating  surface,  another 
one  with  much  less.  Both  boilers  may  develop  the  required  horsepower,  but 
the  one  with  insufficient  heating  surface  might  do  it  only  at  increased  cost  for 
fuel.  Boilers  should  not  be  bought  with  less  than  1  sq.  ft.  of  heating  su^ 
face  for  every  3  lbs.  of  water  to  be  evaporated;  in  other  words,  with  notks 
than  10  sq.  ft.  of  heating  surface  per  b.hp.  It  will  usually  be  found  good 
practice  and  economical  to  provide  reserve  power  in  the  boilers  and  ample 
heating  surface,  particularly  if  the  boiler  plant  is  designed  on  the  test  dutytrf 
the  engine,  which  is  never  realized  in  actual  practice.  Best  efficiency  under 
ordinary  working  conditions  is  usually  obtained  by  allowing  very  nearly  12 
sq.  ft.  of  heating  surface  per  b.hp. 

Division  of  Heating  Surface  into  Units.  First  determine  accurately  the 
maximum  number  of  pounds  of  steam  that  will  be  used.  The  maximum 
evaporation  of  a  boiler  is  limited  mainly  by  the  quantity  of  coal  which  can  be 
burned  upon  the  grate.  By  dividing  the  total  number  of  pounds  of  steam  to 
be  evaporated  per  hour  by  3,  the  total  heating  surface  may  be  obtained  with 
fair  accuracy.  The  next  step  is  the  subdivision  of  this  heating  surface  into  i 
proper  number  of  boilers.  To  evaporate  a  given  quantity  of  water  into  ateam, 
it  is  necessary  to  generate  a  certain  amount  of  heat  by  combustion  of  fud. 
The  controlling  factors  are:  kind  of  coal,  area  of  grate  surface,  and  draft. 
Ample  grate  surface  is  desirable.  The  kind  of  coal  to  be  used  should  be  d^ 
termined  before  designing  the  boiler  plant,  the  cost  of  various  fuels  available 
and  their  calorific  value,  or  relative  evaporative  power.  With  good  coal,  low 
in  ash,  approxirnatoly  equal  results  may  be  obtained  with  large  grate  surface 
and  light  draft  or  with  small  grate  and  strong  draft.  Bituminous  coal,  low  in 
ash,  gives  best  results  with  hijych  rates  of  combustion,  provided  ratio  of  grate 
surface  to  heating  surface  is  properly  proportioned.  Coals  high  in  ash  require 
a  comparatively  large  grate  surface,  particularly  if  the  ash  Ls  easily  fusible, 
tending  to  choke  the  grate.  Where  a  strong  draft  is  available  a  smaller  grate 
may  be  used  than  with  moderate  draft,  as  a  thicker  bed  of  fuel  can  be  carried. 
When  it  is  intended  to  l)urn  low  grades  of  fuel,  provision  for  a  large  grate 
ought  to  he  made  in  the  first  place.  Then,  if  it  is  later  dc^sired  to  change  to 
a  fuel  of  a  better  grade,  this  can  he  done  ])y  reducing  the  size  of  the  grate  by 
bricking  off  a  portion  of  it.  If  certain  that  there  never  will  be  a  desire  tousf 
a  poorer  fuel,  it  would  be  uneconomical  to  provide  larger  grates  than  necessarv'' 

Table  151  gives  a  very  approximate  estimate  of  the  relative  evaporative 
power  of  several  kinds  of  coal,  or  the  water  that  1  lb.  of  coal  will  evaporate, 
the  pounds  of  coal  that  may  be  economically  burned  per  sq.  ft.  per  hr.,  and 
the  ratio  of  grate  surface  to  heating  surface  with  ordinary  drafts. 

Table  161.    Evaporative  Power  of  Coals 


'  Pounds  of  water  lib..    Pounds  of  coal   I 

I  of  conl  will  porsq.  ft.  of        Ratio  of  hp»tin«  | 

I  t'vaporatc,  with  Htciini  Rrate,  I  togratoi>urf»'< 


I 


Best  l)ituininouH 

Ordinary  bituminous 

Anthracite  (nut  or  larger) 

Anthracite  (buckwheat  or  rice). 

8(?c  also  p.  4f>l. 


at  212<*  F. 
0.0 

8.0 
8.0 
7.0 


per  hr. 


I 


21 

i           55 

20 

1           46 

13 

32 

12 

26 
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point;  repairs  can  readily  be  made  without  shutting  down  the  boOen.  Son 
disadvantages  are:  separate  firing  and  extra  att«ntion;  extra  piping;  eitn 
space;  greater  initial  cost.  'Standard  practice  in  this  country  tends  lonid 
the  superheater  contained  within  the  boiler  setting.  In  pumping  statiau 
100°  P.  of  superheat  is  sufhcicnt.  -  This  corresponds  to  an  increase  (rf  S  to  IB 
per  cent,  in  horsepower  of  boiler,  insures  practically  dry  steam  at  cut-off,  ud, 
therefore,  produces  a  material  reduction  in  losses  due  to  cylinder  condensttioiL 
Higher  temperatures  interfere  with  lubrication,  and  sometimes  cause  warpinf 
of  valves.  '  With  100°  of  superheat,  and  a  steam  pressure  of  125  lb.,  produnif 
a  temperature  of  425°  F.,  no  difficulties  are  ordinarily  met.  If  supeHieftt  ii 
used,  metallic  packing  gives  best  results  for  piston  rods  and  valve  stems.  If 
highly  superheated  steam  is  to  be  used,  valves  should  be  especially  desigiKiL 
If  superheat  is  to  be  used,  cast  iron  should  be  eliminated,  as  far  as  pomUc, 
from  the  steam  piping  system,  Hanges  should  be  wrought  steel,  tittinp  should 
be  cast  steel,  and  valves  should  be  carefully  selected. 

;  Superheaters  are  especially  effective  in  small  waterworks  pumping  ststitm 
with  low-tiuty,  triple-expansion  engines.  Cost  of  superheater  installstim 
amounts  to  but  $8  or  $10  the  horeepower,  including  added  cost  of  piping- 
Saving  in  fuel  ranges  from  10  to  20  per  cent.  Coat  of  repairs  and  maintensnn 
is  low,  and  if  properly  taken  care  of,  they  give  little  trouble. 

Table  U2.    Percentage  of  Fuel  Saved  by  Beating  Feed  Water* 

Steam  pr«iura  OOIbi.  (b(s 


Feed-water  Heating.  Kxhaust-steam  foed-wnlcr  heaters  are  used  to  he»l 
wiitor  fed  to  boilers  with  steam  exbiiusted  by  pumping  engines  and  auxiliani*. 
nn<l  the  saving  is  so  great  that  it  is  strnnt;c  that  small  pumping  stations  arf^ 
frequently  constructed  without  them.  Clencrally  speaking,  for  every  11°  1- 
that  feed  water  It  warmed,  there  is  a  saving  of  1  per  cent,  in  fuel.  With  sui- 
liciont  exhaust  steam  available,  feed  wati'r  at  50°  to  G0°  can  be  raised  to  prst- 
tii-ally  200°,  thus  saviTig  12  ])er  cent,  of  fuel.  In  pumping  stations  it  is  ususHv 
<'i-onoinii:al  to  use  condensing  apparatus  Jn  coiuieetion  with  the  main  pump*- 
If  there  Ls  no  station  lighting  plant,  this  leaves  the  exhaust  steam  from  lit 
auxiliaries  only  for  feed-water  heating,  an<l,  if  feed  water  supply  is  cold,  the 
li<-!it  cfmtained  in  the  exhaust  from  the  auxiliaries  is  rarely  sufficient  to  rai« 
the  feed  water  to  more  than  100°  to  125°  F.  Itis  well  to  carry  all  condensation 
from  jackets  on  main  engines  as  well  as  from  steam  piping  to  a  hot  well.    Tlui 

•  .Valioual  Pipe  BendiuE  Co.,  Now  Ilsven,  Conn. 
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steam,  expansion  will  be  greater.     (Paragraphs  "Selecting  Boilers"  to  "Steam 
Piping,"  by  N.  S.  Hill,  Jr.,  Proc,  Municipal  Engrs.  of  N.  Y.,  1911.) 

Rules  for  Management  and  Care  of  Boilers  Adopted  by  Hartford  Steam 
Boiler  Inspection  and  Insurance  Co.,  1870.*  (1)  Condition  of  Water,  First 
duty  of  engineer  when  he  enters  boiler  room  in  morning  is  to  ascertain  how 
many  gages  of  water  there  are  in  boilers.  Never  unbank  or  replenish  fires 
until  this  is  done.  (2)  Low  Water.  Immediately  cover  fire  with  ashes;  or 
if  no  ashes  are  at  hand,  fresh  coal.  Don't  turn  on  feed  under  any  circum- 
stances, nor  tamper  with  nor  open  safety  valve.  Let  steam  outlets  remain  as 
they  are.  (3)  Foaming,  Close  throttle,  and  keep  closed  long  enough  to 
show  true  level  of  water.  If  that  level  is  sufficiently  high,  feeding  and  blow- 
ing will  usually  suffice  to  correct  evil.  In  case  of  violent  foaming,  caused  by  dirty 
water  or  change  from  salt  to  fresh,  or  vice  versa,  in  addition  to  action  above 
stated,  check  draught  and  cover  fires  with  fresh  coal.  (4)  Leaks.  When  dis- 
covered they  should  be  repaired  as  soon  as  possible.  (5)  Blowing  ojjf.  Blow 
down  under  pressure  not  exceeding  10  lbs.  Where  surface  blow-cocks  are 
used,  they  should  be  opened  wide  once  a  day — oftcner  if  water  contains  much 
sediment.  Time  required  to  open  wide  and  close  valve  is  long  enough.  (6) 
Filling  Boiler,  After  l)lowing  down,  allow  boiler  to  become  cool  before  filling 
again.  Cold  water  pumped  into  hot  boilers  is  very  injurious  from  sudden 
contraction.  (7)  Exterior  of  Boiler,  Care  should  be  taken  that  no  water 
comes  in  contact  with  exterior  of  boiler,  either  from  leaky  joints  or  other  causes. 
(8)  Removing  Deposit  and  Sediment,  In  tubular  boilers  hand-holes  should  be 
often  opened,  and  all  collections  removed  from  over  fire.  Also,  when  boilers 
are  fed  in  front  and  blown  off  through  same  pipe,  collection  of  mud  or  sediment 
in  rear  end  should  l)e  often  removed.  (9)  Safety  Valres.  Raise  safety  vah*es 
cautiously  and  frociuently,  as  thoy  are  liable  to  become  fast  in  their  seat.< 
(ordinary  weight  and  U^vv.v  style)  and  useless  for  purpose  intended.  (10) 
Safety  Valveii  and  Prrssure  Gage.  Should  gage  at  any  time  indicate  the  limit 
of  pressure  allowed,  see  that  safety  valves  are  blowing  off.  (11)  Gage  Coch, 
Gki.ss  Gage.  Keep  gage  cocks  clear  and  in  constant  use.  Glasi^  gages  should 
not  1)0  relied  on  altoj»;et.her.  (12)  Blisters.  When  blister  appears  there  must 
he  no  delay  in  having  it  carefully  examined,  and  trimmed  or  patched,  as  cai* 
may  re(|uire.  (l.S)  Clean  Sheets.  Particular  care  should  be  taken  to  keep 
sheets  and  j)arts  of  boilers  exposed  to  fire  perfectly  clean;  also  all  tubes,  flues, 
and  connec^tions  well  swept;  partieularly  necessary  where  wood  or  soft  coali"* 
used.  (14)  General  Care  of  Boilers  and  dmnections.  Under  all  circumstances 
keep  gages,  cocks,  etc.,  clean  and  in  good  order,  and  things  generally  in  and 
about  engine  and  boiler  room  in  neat  condition. 

Firing  Boiler.  Coal  of  de])th  up  to  12  in.  is  more  effective  than  less  depth. 
Admission  of  air  above  grate  increases  evaporative  effect,  but  diminishes  the 
rapidity  of  it.  Air  admitted  at  bridge-wall  effects  a  better  result  than  when 
admitted  at  door,  and  when  in  small  volumes,  and  in  streams  or  currents,  it 
arr(\sts  or  prevents  smoke.  It  may  be  admitted  by  an  area  of  4  sq.  in.  per  sq. 
ft.  of  grate. 

Combustion.     The  rate  of  combustion  in  a  furnace  is  computed  by  the 
pounds  of  fuel  consumed  per  sq.  ft.  of  grate  per  hr.    The  size  of  coal  must 

*  For  more  complete  rules,  revised,  reader  is  referred  to  Tho  Locomotive  (publiilMKi  bjr  Hartford 
Steam  Boiler  Inspection  &  Insurance  Co.),  July  25,  1911. 


510  WATERWORKS  HANDBOOK 

ally  from  the  surface  of  the  water  supply  to  the  floor  on  which  the  eondenaer 
can  be  placed;  (7)  state  whether  water  is  fresh  or  salt,  clean  or  dirty;  (S) 
send  indicator  cards  of  the  engine  if  possible. 

Operating  hight  of  condenser  above  injection  supply  should  be  as  little 
as  possible;  18  or  20  ft.  ought  not  to  be  exceeded.  For  high  lifts  of  in- 
jection water,  a  charging  valve  and  overhead  supply  will  be  found  very 
advantageous  in  starting  the  condenser;  this  supply  should  be  cut  off  as 
soon  as  vacuum  is  had.  Start  the  condensing  apparatus  in  advance  of  the 
engine,  and  shut  down  the  engine  before  shutting  down  the  condenser.  It 
is  estimated  that  20  volumes  of  water  absorb  1  volume  of  air;  henoe,  if 
means  were  not  taken  to  remove  this  air  from  the^  condenser,  it  would  fill  it 
and  the  cylinder  and  destroy  the  vacuum. 

The  effect  of  a  good  condenser  and  air  pump  should  be  to  make  available 
about  10  lbs.  more  mean  effective  pressure,  with  the  same  terminal  pressure; 
or  to  give  the  same  mean  effective  pressure  with  a  correspondingly  less  terminal 
pressure.  When  the  load  on  the  engine  requires  20  lbs.  mean  effective  pres- 
sure, the  condenser  does  half  the  work;  at  30  lbs.,  one-third  the  work;  at  40 
lbs.,  one-fourth,  and  so  on.  It  is  safe  to  assume  that  practically  the  condenser 
will  save  from  one-fourth  to  one-third  of  the  fuel,  and  can  be  applied  to 
any  engine,  cut-off  or  throttling,  where  a  sufficient  supply  of  water  is  available. 

Table  163.    Relation  of  Vacuum  to  Temperature  Fahr.,  of  Feed  Water 


Vacuum, 

in. 

Temp.,  Degrees 

Vacuum, 

in. 

Temp.,  Decreet 

00 

212 

27i 

112 

11 

190 

28} 

92 

18 

170 

29 

72 

22} 

150 

291 

52 

25* 

135 

Condensing  Engines  Require  from  20  to  30  gals,  of  water,  at  average  low 
temperature,  to  condense  steam  represented  by  every  gallon  of  water  evapo- 
rated in  boilers  supplying  engines — approximately  for  most  engines  from 
1  to  If  gals,  condensing  water  per  minute  per  indicated  horsepower.  With 
a  limited  supply  water  is  used  over  and  over,  l>eing  cooled  by  circulation 
through  a  '*  cooling  tower,"  or  a  system  of  spray  nozzles  and  basin. 

FUELS 

Weights  of  Fuels  (for  approximate  computations).  Petroleum  weighs 
6.5  lbs.  per  U.  S.  gallon,  42  gals,  to  the  barrel.  One  cubic  foot  of  anthracite 
coal  weighs  al)out  53  lbs. ;  bituminous  coal,  47  to  50  lbs. 

Specifications  for  Coal.  (Abridged  from  New  York  City  "Standard 
Specifications  for  Furnishing,  Delivering,  Storing  and  Trimming  Coal.") 
Kimls  and  Arizes.  "Anthracite"  shall  mean  coal  mined  in  the  anthracite 
districts  of  Pennsylvania.  "Semibituniinous"  shall  be  accepted  in  itfi 
usual  commercial  meaning.  Not  less  than  90  per  cent,  shall  pass  over  the 
minimum  screen,  and  of  broken,  egg,  stove  and  chestnut,  not  less  than  90 
per  cent,  shall  pass  through  the  maximum  screen. 

*  Usually  considered  the  standard  point  of  efficiency,  condenser  and  air  pump  being  weU  propo^ 
tionod. 
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analysis.  This  second  analysis  shall  be  final.  If  the  aggregate  deductions 
in  gross  weight  computed  on  the  check  analysis  equals  or  exceeds  the  (fe- 
ductions  computed  on  the  first  analysis,  the  contractor  shall  pay  for  the 
check  analysis.  All  deductions,  except  moisture,  shall  be  based  on  the  cheek 
analysis. 

Correction  of  Gross  Weight,     (1)  Moisture.     If  the  moisture  be  in  expea 
of  the  limits  specified  in  the  standard  analysis,  the  gross  weight  of  coal  abD 
be  corrected  by  an  amount  'directly  in  proportion;  e.g.,  if  the  broken  coil 
as  delivered  contains  6  per  cent,  moisture,  a  deduction  of  2  per  cent,  of  the 
gross  weight  shall  be  made.     (2)  Ash.    The  weight  after  correction  for 
moisture  shall  be  reduced  at  the  rate  of  1  per  cent,  for  each  per  cent,  of  tA 
in  excess  of  the  standard  analysis,  computed  to  the  nearest  tenth  of  a  per 
cent.     (3)  Deficiency  in  thermal  units.     The  weight  after  correction  for  xodt 
ture  shall  be  reduced  at  the  rate  of  1  per  cent,  for  each  100  B.t.u.  below  thB 
standard  heating  value,  computed  to  the  nearest  50  units.     (4)  Excess  d 
volatile  sulphur.    The  weight  after  correction  for  moisture  shall  be  reduced 
at  the  rate  of  5  per  cent,  for  each  1  per  cent,  of  volatile  sulphur  in  exce» 
of  the  standard  analysis,  computed  to  the  nearest  tenth  of  a  per  cent.   (5) 
Excess  of  volatile  combustible  matter.    The  weight  of  coal  after  correctioD 
for  moisture  shall  be  reduced  at  the  rate  of  2  per  cent,  for  each  1  per  cent. 
of  volatile  combustible  matter  in  excess  of  the  standard,  computed  to  the 
nearest  tenth  of  a  per  cent.     (6)  Aggregate  deductions.     After  the  correc- 
tions for  moisture  all  deductions  above  described  shall  be  totalized,  sod 
deducted  as  a  whole. 

Excess  Clinker  shall  be  cause  for  condemnation.  All  coal  delivered,  in 
addition  to  conformance  with  the  standard  analyses  and  other  requirements, 
shall  be  required  to  show,  after  a  test  of  reasonable  duration,  that  it  does  not 
produce  excessive  clinker.  When  in  the  opinion  of  the  head  of  a  department, 
the  coal  delivered  from  any  mii\e  or  group  of  mines  produces  excessive  clinker 
delivery  from  such  mine  or  mines,  shall,  on  notification,  be  discontinued. 

*' Mixed  CoaV^  shall  mean  a  mixture  of  different  sizes  or  kinds  of  coal,  the 
proportions  of  each  size  or  kind  being  specified.  The  ingredients  shall  be 
paid  for  separately.  The  different  kinds  or  sizes  shall  comply  with  the 
respective  standard  analyses. 

Table  166.     Consumption  of  Gasoline  for  Pumping* 


• 

Approximate  consumption  of  gasoline  or  distillate  in 

gals,  per  2 

brs.  when  pumping  100  gals,  per  min.,  100  ft. 

head 

Gaaoline  or  distillate  per 

effective    horsepower    per 

hr.,  gsJs. 

iency  of  pump  and  drive 

- 

Total  cflic 

30  % 

40% 

50%                  60% 

70 «; 

i^ 

20.0 

15.0 

12.0 

10.0 

8.7 

k 

22.5             17.0 

13.6 

11.3 

9.6 

\ 

25.5             19.2 

15.2 

12.8 

10.9 

1 

29.0 

21.5 

17.2 

14.4 

12.3 

J 

33 . 5 

25.0 

20.0 

16.7 

143 

I 

40.0      1       30.0 

24.0 

20.0 

17.3 

To  find  approximate  number  of  gai.s.  of  gasoline  or  distillate  required  per  hr.  when  pumpia* 
600  to  1200  gals,  per  min.,  multiply  water  horsepower  by  0.027,  or  when  pumping  100  to  500  p* 

Eer  min.,  multiply  by  0.032.     For  theoretical  water  horsepower,  multiply  gals,  per  min.  l^  to^ 
ead  in  feet  including  friction  in  pipes,  and  divide  by  4000.    100  g.p.m.  ■■  0.144  m.K.d. 
•  Byron  Jackson  Iron  Works. 
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Gasoline.  One  gallon  of  gasoline  will  generate  1  hp.  for  8  hrs.  or  i  gal. 
asoline  is  required  for  each  horsepower-hour.  It  takes  If  gals,  denatured 
Icohol  to  do  the  same  work  as  1  gal.  gasoline. 

Gas  vs.  Steam.  Power  developed  by  gas-engine  cylinders  will  lessen  at 
ligh  elevations  above  sea  level,  in  certain  proportion  to  diam.  of  cylinder,  on 
icceunt  of  diminished  atmospheric  pressure  and  consequent  diminished  quan- 
tity of  oxygen  per  unit  of  air.  For  example:  Gas  engines  of  100  brake-hp. 
are  scaled  down  to  80  hp.,  with  fixed  size  of  cylinder,  under  guarantees  made 
for  Denver,  as  against  operation  of  same  engine  at  or  near  sea  level.  Small 
Bteani  pumping  plants  are  extravagant  of  fuel,  while  small  gas  plants  are  prac- 
tically as  economical  as  larger,  and  although  application  of  steam  power  to 
pumping  is  more  direct  than  with  gas,  great  fuel  economy  of  gas-power  ap- 
paratus enables  it  to  operate  at  a  profit  at  a  much  lower  mechanical  efficiency 
than  the  steam  engine.  For  example:  A  small  gas  engine  geared  to  a  triplex 
power  pump  may  result  in  a  total  mechanical  efficiency  of  75  per  cent. ;  then, 
tf  engine  and  producer  give  one  brake-horsepower  for  1 J  lbs.  of  coal  per  hr., 
coal  per  pump-horsepower  will  be  2  lbs.  Small  steam  pumping  plant  with  a 
mechanical  efficiency  of  94  per  cent,  requires  not  less  than  4  lbs.  of  coal  per 
pump-horsepower-hour,  and  is  doing  well  to  accomplish  this. 

CHIMNEYS* 

Chimney  Capacity.  The  temperature  of  the  gase^  at  the  base  of  the 
chimney  should  be  about  600°  F.  The  frictional  resistance  of  the  surface 
of  the  chimney  is  as  the  square  of  the  velocity  of  the  gases.     Ordinarily  from 


Table  167. 

Chimney 

Highl 

:  in  Feet  Necessary  for 

Given 

I  Boiler  Rating  f 

Hight  in  feet 

50 

60 

70 

80 

90 

100 

no 

125    150 

176 

200 

DUm.  in  inches 

Comme 

rcial  ho 

raepowc 

iT 



18 

23 
35 
49 
65 

84 

25 
38 
54 
72 
92 
115 
141 

27 

41 

58 

78 

100 

125 

152 

183 

216 

29 

44 

02 

83 

107 

133 

163 

196 

231 

311 

363 

505 

\ 

21 

24 

66 
88 
113 
141 
173 
208 
245 
330 
427 
539 
658 
792 

1 

27 

I 

30 

119 

149 

182 

219 

258 

348 

449 

565 

694 

835 

995 

1163 

1344 

1537 

33 

156 

191 

229 

271 

365 

472 

593 

728 

876 

1038 

1214 

1415 

1616 

36 

204 

245 

294 

389 

503 

632 

776 

934 

1107 

1294 

1496 

39 

268 

318 

428 

551 

692 

849 

1023 

1212 

1418 

42 

340 

459 

594 

748 

918 

1105 

1310 

1531 

1770 

2027 

2470 

3049 

364 

491 

635 

797 

981 

1181 

1400 

1637 

1893 

2167 

2637 

3255 

48 

54 

60 

•   a   •  •  • 

66 

72 

78 

84 

i 1 

90 

•   •   a   •   • 

96 

1720  1876 

108 

.   »   .   •   . 

2290 

2827 

1 

120 

: 1 



*  Among  makers  of  concrete  chimneys,  may  be  mentioned:  Weber  Chimnev  Co.,  Chicago; 
eneral  Concrete  Construction  Co.,  Chicago;  Wiedcrholdt  Construction  Co.,  iSt.  Ix)uis;  Brick 
imnesrs:  H.  R.  Heinicke,  N.  Y.  City;  M.  W.  Kellogg  Co.,  N.  Y.  City;  Alphons  Custodis  Chimney 
>.,  N.  Y.  Citv;  Bergen  and  Lindeman,  N.  Y.  City. 

t  Chicago  Bridge  A  Iron  Works,  after  Kent. 
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Table  168.    Bottom  Diameters  of  Radial-brick  Chimneys,  Ft. 


20  to  30  per  cent,  of  the  total  heat  of  combustion  is  expended  in  the  produc- 
tion of  the  chimney  draft  in  a  marine  boiler,  to  which  is  to  be  added  the 
losses  of  incomplete  combustion  of  the  gaseous  portion  of  the  fuel,  and  the 
dilution  of  the  gases  by  an  excess  of  air,  making  a  total  of  fully  60  per  cent 
The  temperature  of  a  furnace  is  assumed  to  vary  from  1500®  to  2000*'  F- 
and  the  volume  of  air  required  for  the  combustion  of  1  lb.  of  bituminous 
coal,  together  with  the  products  of  combustion,  is  154.8  cu.  ft.,  which,  vhen 
exposed  to  the  above  temperature,  makes  the  volume  of  heated  air  at  the 
bridge  wall  from  600  to  700  cu.  ft.  for  each  pound  of  coal  consumed. 


Reduction  of  Chimney  Draft  by  Long  Flues  ^ 


Total  length  of  flues  in  ft. . . 

50 

100 

200 

400 

600 

800 

1000 

Chimney  draft,  per  cent. . .  . 

100 

93 

79 

66 

58 

52 

48 

2000 

'Is 


Self-supporting  Steel  Smoke  Stacks  may  be  had  of  any  size;  in  allc*^ 
they  should  be  lined  for  30  or  40  ft.  above  the  breeching  connection  withW^ 


r 


r    i    j    ^^    I    •!■    I — ^ — ^ — t — % — T 


Hight  of 

chimney, 

ft. 

Internal  diameter  at  top 

3' 

3'6" 

4' 

4'6" 

5' 

5'6" 

6' 

Outside  diameters  in  feet  at  bottom 

75 
80 
85 
90 
95 

100 
105 
110 
115 
120 

125 
130 
135 
140 
145 

150 
155 
160 
165 
170 

175 

7.42 
7.80 
8.18 
8.57 
8.95 

9.33 

9.70 

10.06 

10.43 

10.79 

11.16 

7.69 
8.04 
8.38 
8.73 
9.07 

9.42 

9.78 

10.13 

10.49 

10.85 

11.21 

7.96 
8.27 
8.58 
8.88 
9.19 

9.50 

9.85 

10.20 

10.55 

10.90 

11.25 
11.65 
12.05 
12.45 
12.85 

13.25 
13.58 
13.92 
14.25 
14.59 

14.92 

8.46 
8.70 
8.95 
9.18 
9.43 

9.67 
10.03 
10.40 
10.77 
11.14 

11.50 
11.88 
12.25 
12.63 
13.00 

13.38 
13.73 
14.08 
14.43 
14.78 

15.13 

8.96 
9.13 
9.31 
9.48 
9.66 

9.83 
10.21 
10.60 
10.98 
11.37 

11.75 
12.10 
12.45 
12.80 
13.15 

13.50 
13.87 
14.23 
14.60 
14.96 

15.33 

9.46 
9.58 
9.70 
9.81 
9.93 

10.04 
10.38 
10.73 
11.07 
11.41 

11.75 
12.12 
12.48 
12.85 
13.22 

13.58 
13.97 
14.35 
14.73 
15.11 

15.50 

9.96 
10.02 
10.06 
10.13 
10.19 

10.25 
10.55 
10. S5 
11.15 
11.45 

11.75 
12.13 
12.51 
12.90 
13.28 

13.66 
14.06 
14.46 
14.86 
15.26 

15.66 

1 
1 

' 

! 

1 

Hights  of  radial  brick  chimneys  and  corresponding  thicknesses  of  walls. 

*  Chicago  Bridge  and  Iron  Works,  and  Wm.  Kent.  Hp.  =3.33  (Area  in  sq.  ft.-0.oV»«*^^ 
V^hight,  assuming  5  lbs.  coal  burned  per  hp.  per  hr. 
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nected  by  a  copper  cable  which  encircles  the  chimney.  ''From  this  loop  &  1)- 
in.  7-strand  No.  10  Stubs'  gage  copper  cable  is  carried  down  the  side'of  the 
chimney  and  connected  to  a  copper  ground  plate  of  the  three-winged  type.  On 
the  way  up,  the  cable  is  anchored  every  7  ft.  with  brass  anchors,  which  support 
the  weight  of  the  cable. 

Reinforced  Concrete  Chimneys*  can  be  built  which  are  entirely  safe  aod 
practically  indestructible.  Chimneys  now  in  commission  are  more  or  ks 
checked  or  cracked.  This  need  not  condemn  them,  since  reinforcement  miy 
be  sufficient  to  hold  safely  together  the  blocks  formed  by  the  cracks,  and  yet 
with  the  opportunity  of  introducing  steel  wherever  needed,  all  cracking  ouglii 
to  be  averted,  especially  as  there  is  alwa3n3  danger  that  cracks  may  increase 
from  wind  vibration,  heat  and  frost.  Concrete  and  steel,  with  any  degree 
of  heat,  expand  and  contract  almost  exactly  alike.  Interior  heat  affects  the 
shell  in  another  way  because  concrete  is  a  poor  conductor;  the  inside  concrete 
for  an  inch  or  two  is  heated  to  a  much  greater  degree  than  the  exterior,  and 
so  tends  to  expapd  and  crack  the  colder  outside.  This  effect  is  most  marked 
upon  a  thick  wall.  Concrete  is  an  excellent  fire-resisting  material,  although 
1500°  F.  continued  for  2  to  3  hrs.  will  drive  out  the  water  of  cr>'8talliiation 
so  as  to  take  away  the  strength  for  a  depth  of  J  to  1  in.  Lower  temperature* 
affect  it  less,  and  tests  at  Watertown  Arsenal  indicate  that  a  good  cemen't 
mortar  will  not  be  appreciably  injured  at  600°  to  700°  F.  The  temperature 
in  an  ordinary  chimney  seldom  exceeds  700°  F.  at  the  base;  400°  to  500"  13 
more  usual.  E.  L.  Ransome  reports  inner  shell  of  a  chimney  10  yn.  ol<i 
of  concrete  (cement,  sand  and  broken  stone),  in  which  he  found  the  hottft?t 
part  of  the  chimney  opiK)site  the  flue  perfectly  sound  and  exceptionally  hard  - 
When  temperatures  above  750°  are  expected,  it  is  safe  to  employ  fire-brick. 

A  reinforced  concrete  chimney  is  so  small  at  the  base  that  it  would  topple 
over  in  a  wind  if  not  held  bv  steel.     Thickness  of  outside  shell  must  be  sufficieii  t 
to  bear,  with  steel  imbedded,  pressures  due  to  weight  and  to  wind.    Vertical 
steel  must  be  inserted  all  around  to  resist  the  pull  caused  by  wind,  and  8t<^I 
hoops  placed  at  intervals  to  stifTen  the  vertical  steel  and  prevent  cracks  due 
to  difference  in  tenii)erature   between  interior  and  exterior,  and  especially 
to  resist  vertical  shear  which  corresponds  to  horizontal  shear  in  a  horizontal 
beam.     Assume  50  lbs.  per  sq.  ft.  of  vertical  surface  as  a  maxinmm  wnd  pre^ 
sure,  corresponding  to  100  mi.  per  hr.;  against  a  curved  surface  part  of  lt 
is  inefT(^ctive,  so  that  the  effective  pressure  against  a  chimney  is  not  more  than 
33  ll)s.  per  sq.  ft.  against  a  vertical  plane  whose  width  is  the  diam.  of  the 
chimney.     If  the  chinmey  is  closely  surrounded  by  buildings,  this  woulil  of 
course  act  only  above  the  roof.     Concrete  chimneys  fre(|uently  crack  at  ana 
above  the  top  of  the  inner  shell,  so  there  is  doubt  whether  this  should  not  be 
extended  higher  than  the  usual  one-third.     It  ought  to  be  possible,  however, 
so  to  lay  and  reinforce  the  concr(jt(j  as  to  prevent  cracking  even  with  extreii^*^^" 
of  outside  and  inside  lieat.     The  inner  shell  must  be  entirely  indei>endea^  *^ 
the  outer,  as  otherwise  expansion  caused  by  interior  heat  will  tend  to  lift  ^^^ 
crack  the  chimney  at  points  of  contact.     If  the  inner  shell  does  not  exten<^ 
the  top,  the  portion  of  the  outer  shell  where  it  stops  should  be  especially 

*  S.  K.  Thompson,  Bull.  18,  Aneii.  Am.  Portland  Cement  Manufacturers,  IMS. 
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inf  orced.  Variation  in  thickness  should  be  avoided  if  possible,  and  if  necessary 
should  be^  provided  for  by  additional  reinforcement  near  the  outer  surface. 
Changes  in  section  are  bad  because  stresses  are  introduced  which  are  inde- 
terminate. Horizontal  reinforcement  should  be  spaced  not  more  than  12 
in.  in  the  lower  half  of  the  stack. 

Foundations  must  be  designed  according  to  recognized  engineering 
principles.  If  piles  are  necessary,  they  must  cover  sufficient  area  so  that  the 
line  of  resultant  pressure  will  fall  well  within  their  area  at  the  level  where  they 
run  into  hard  ground.  Wind  causes  vibrations  which  produce  repetition  of 
stresses.  Following  unit  values  are  suggested:  Concrete,  extreme  fiber 
stress  in  compression,  provided  it  is  capable  of  attaining  strength  of  2500  lbs. 
per  sq.  in.  in  28  days,  600  lbs.;  steel  in  tension,  14,000  lbs.;  concrete  in  shear, 
00  lbs.  If  the  sand  comes  from  a  bank  never  used  for  concrete,  it  should  be 
submitted  to  laboratory  tests  notwithstanding  apparent  good  quality,  since 
it  is  impossible  to  pass  accurately  upon  sand  by  merely  looking  at  it.  In- 
stead of  mortar  of  1  part  cement,  3  parts  sand,  concrete  of  1  part  cement,  2 
parts  sand  and  2  parts  ^-in.  stone  or  gravel  will  be  stronger,  denser  and  more 
water-tight.  Stone  up  to  1  in.  has  sometimes  been  introduced,  but  although 
producing  a  stronger  mixture,  it  is  probably  less  fire-resisting  than  a  finer 
material. 

Concrete  has  proved  suitable  for  the  inner  shell  as  well  as  the  outer,  but  since 
mortar  is  easier  to  place  in  a  thin  wall  there  is  no  objection  to  it.  Mild 
deformed  steel  gives  greater  adhesion,  but  round  is  safe.  With  T-shaped  steel 
perfect  bond  is  more  difficult  because  tamping  into  angles  is  troublesome. 

"Dry"  concrete  should  not  be  used  to  imbed  steel  to  take  pull.  This  dry 
consistence  frequently  used  appears  to  be  the  principal  cause  of  failures  and 
large  numbers  of  cracks  in  many  chimneys.  Steel  must  be  carefully  placed, 
vertical  steel  being  preferably  not  far  from  the  center  of  the  wall  and  horizontal 
steel  outside  it.  Where  special  temperature  stresses  occur,  horizontal  steel 
should  be  as  near  as  practicable  to  the  stressed  surface,  although  not  nearer 
than  1}  in.  Steel  must  be  well  bonded,  and  concrete  carefully  placed  and 
tamped  aroimd  it.  Outside  surfaces  must  be  formed  by  molds,  no  exterior 
jdastering  being  permissible.  Provide  enough  horizontal  steel  to  take  all 
vertical  shear  and  to  resist  the  tendency  to  expansion  due  to  interior  heat. 
Distribute  horizontal  steel  by  numerous  small  rods  in  preference  to  larger  rods 
spaced  farther  apart. 


CHAPTER  XXIII 

DISTRIBUTION  RESERVOIRS,  STANDPIFES  AND  TANKS 

Size  for  a  Large  City  (to  take  care  of  fluctuations  in  supply).  For  24-hr. 
periods,  the  excess  consumption  is  not  over  6  per  cent,  in  Manhattan  borough, 
and  9  per  cent,  in  Brooklyn,  New  York  City.  The  night  flow  is  assumed  it 
50  per  cent,  the  day  flow;  12  per  cent,  from  an  equalizing  reservoir  would 
prevent  undesirable  fluctuations.  An  equalizing  reservoir  is  much  more 
necessary  for  a  grade  aqueduct  than  for  a  pressure  pipe.  Large  cities  usu- 
ally have  much  less  proportionate  variation  in  consumption  throughout  the 
24  hrs.  than  small  communities.  For  the  latter  a  much  greater  perceotafe 
of  equalizing  capacity  must  be  provided,  as  shown  below. 

Size  for  a  City  of  60,000.  Five  methods  of  computing  the  requisite  ctr 
pacity:  (1)  In  Jour.  N.  E.  W.  W.  Assn.,  1892,  p.  49,  John  R.  Freeman  recom- 
mends a  storage  capacity  of  1,000,000  gals,  for  each  15,000  population, 
for  6  hrs.,  to  provide  fire  protection.  (2)  In  Proc.  A.  W.  W.  Assn.,  1892, 
J.  T.  Fanning  reckons  the  combined  fire  and  domestic  consumption  for  a 
city  of  50,000  as  at  the  rate  of  12,000,000  gals,  per  day.  (3)  Consider  18  fire 
streams,  each  discharging  250  gals,  per  min.,  operating  for  6  hrs.  If  the 
reservoir  is  to  supply  this  emergency  draft,  it  must  give  out  250  X  60  X  6  X 
18  =  1,600,000  gals.  Assume  maximum  domestic  consumption  at  the  same 
time.  P>om  pumping  or  other  records,  plot  a  curve  of  hourly  variation  of 
consumption;  on  this  pick  out  the  6-hr.  stretch  giving  the  greatest  con- 
sumption, and  compare  with  the  rate  per  day.  It  gives  say  20  per  cent, 
excess.  If  the  average  rate  of  consumption  on  a  summer's  day  (or  any 
other  season  of  maximum  use)  is  8  mgd.,  the  storage  required  in  the  resen'oif 
is:  0.25  X  120  per  cent.  X  8  -f-  1.6  =  4,000,000  gals,  (in  6  hrs.)  (4)  Use  the 
method  outlined  in  ** Public  Water  Supplies''  (Turneaure  &  Russell).  The 
rate  of  fire  consumption  of  a  city  of  50,000  is  96  per  cent,  of  the  average  * 
daily  consumption,  by  the  rule  of  Kmil  Kuichling,  Trans.  Am.  Soc.  C.  E» 
1897.  Assuming  8,000,000  gals.*  consumption  on  a  summer's  day  and  a 
daily  average,  ba.sed  on  yearly  records,  of  6,600,000,  the  maximum  daily 
consumption  can  become  8  ^  6.6  =  120  per  cent,  of  the  average  daily  con- 
sumption. Under  (3)  the  hourly  rate  for  the  maximum  6  hrs.  in  the  day  might 
become  120  per  cent,  of  the  hourly  rate  averaged  over  one  day.  Thereforfi 
under  the  most  adverse  conditions,  the  consumption  for  6  hrs.  will  be  120 
per  cent.  X  120  per  cent,  plus  96  per  cent,  or  240  per  cent,  of  the  average 
daily  supply  for  a  quarter  day.  (6.6/4)  X  240  per  cent.  =  3,960,000  gals.  (5) 
In  the  report  of  the  National  Board  of  Fire  Underwriters  on  a  manufactures 
city  of  50,000,  it  is  recommended  that  8000  gals,  per  min.  be  available  in  the 
down-town  district.    For  a  6-hr.  fire,  2,800,000  gals,  would  be  required.   ** 

*  160  gals,  per  person  per  day. 
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were  occurrini;  at  the  eame  time,  the 
5.2  million  gaia.  in  U  houni. 
:itics  and  villugea,  be  sure  to  get  the  tank 
1  times  enough  water  stored  to  furnish 
consumption  when  the  pumps  are  not 
■  increase,  30  gala,  per  inhabitant  should 
c  a  capacity  less  than  30,000  gals.  For 
ii>n  of  the  water  used  and  allow  a  large 
ity  and  hight  tor  fire  protection  to  fac- 
by  the  insurance  companies.  The  larg- 
at  Louisville,  Ky,  It  has  a  capacity  of 
e  top  uf  foundations  to  tup  of  tank.  The 
th  a  48-in.  rivctod-steel  riser  pipe.  This 
ks  on  high  towers  for  fire  protection  in 
Bridge  and  Iron  Works  state  that  they 
h  greater  dimensions  than  the  I^ouiaville 
1  a  natural  elevation,  it  is  economical  to 
liter  than  the  hight;  as  a  rule  the  hight 

S  RESERVOIRS 

looCB.  In  the  Queen  Lane  reservoir,  Phihulelphia,  sheet  lead 
■  were  put  in  the  walls  and  doors  every  40  ft.  This  flexible 
bent  inside  the  forms  while  concirete  was  being  placed  on  one 
it.  The  joint  proved  satisfactory,  there  being, no  leakage. 
s  G  in.  wide  over  nil,  ^  in. 


I  to  suit;  J-in.  holes  6  in.  apart     '.AjMiwof***^, 


te 


fnFlpBS^imaf 


-(K.  R.,  Apr.,  1!)12,  p.  460.) 
te  floor  of  Mt.  Hope  reservoir, 
y.,  is  in  two  layers,  the  lower  S 

the  ujjper  one  S  in.,  with  water- 
layers  of  coal-tar  and  5  layers  of  .-~i™.=."..  j^...-. 
iting  between.  Just  below  joint  in  upper  layer  the  lower 
is  made  6  in.  thick  for  1  ft.  width,  and  rcinforeed  across  the 
)da  Iwnt  U-sha]>ed.  Elsewhere  than  under  the  upper  joints 
wa*i  slloweil  to  i^rack.  That  cracks  would  form  in  the  lower 
!  upper  joints  unliys  reinforcement  was  used,  was  proved  by 

intended  to  imitate  actual  conditions,  including  the  stresses 
lera  followeil  by  M  winters.  This  showed  definite  cracks  in 
■;  but  the  waterproofing,  with  the  exception  of  one  weak  spot, 
t. 

,t  Vancouver,  R,  C,  was  founded  on  rock.  The  floor  and 
B  covered  with  4i  in.  of  concrete.  The  floor  slabs  do  not  ex- 
ire,  with  V-sha|H'd  joints,  filled  with  clay  or  asphaltum.  The 
n  2,  were  lined  with  reinforced  concrete,  with  expansion  joints 
he  reinforcement  consisted  of  Clinton  wire  cloth  of  two  weights, 

the  upper  portion  of  the  slopes.     The  slope  concrete  was 
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6'/<J'6  Concrt^, 
and  /*  /'/^"moHtfr^ 


anchored  by  2-in.  X  i-in.  anchor  bars,  2  ft.  6  in.  long,  5  ft.  centers,  driven  into 
the  bank.  The  expansion  joint  is  shown  in  Fig.  297. — (H.  M.  Burwell,  Eng. 
Contr.,  Jan.  4,  1911.) 

A  good  water-tight  reservoir  lining  can  be  made  of  properly  proportioned 
asphaltic  concrete,  a  f^w  inclies  thick,  similar  to  that  used  for  highway 

surfacing. 
t<j'H       Slope  paving  of  Central  reservoir, 
^^pf*^f^<J^^  y^^  OdMvjidy  Cal.,  is  6  in.  thick  (1 : 2.5:5 
,^  >^^  ■      concrete)  laid  in  12-ft.  squares,  with 

expansion  joints  made  of  "D"  grade 

^  asphaltum  mixed  with  carbolated  lime 

'^  Concrvfe  Rik  ^xd*  or  marble  dust,  and  run  hot,  on  slope 

of  1  on  2.— (E.  N.,  Jan.  5, 1911,  p.  15; 
E.  R.,  Oct.  1,  1910,  p.  375.) 

Many  distribution  reservoirs  have 
failed  because  the  weight  of  the  water 
cracked  the  bottom  lining.  Great 
care  should  be  taken.  At  Portland,  Oregon,  the  concrete  lining  was  5  to  6 
in.  thick  and  reinforced  with  J-in.  sq.  twisted  rods,  2  ft.  apart;  it  cracked 
before  filling,  and  more  cracks  developed  after  filling. — (W.  R.  Hill,  Proc. 
A.  W.  W.  A.,  1902,  p.  23.) 

Concrete  slope  lining,  Hill  View  Reservoir,  New  York,  was  placed  in 
strips  8  ft.  wide  extending  from  toe  wall  to  berm  21.5  ft.  above,  slope  1  on  2, 

(SurfiTce  fo  be  ffeU  coafed^^ 
after  removing  form 


Fia.  296. — Joints  in  Uning  of  Beacon 
Hill  reservoir,  Seattle. 
(Eng.  Contr.,  Apr.  7,  1912.) 


Reinforcemenf 


^ 


Endfbrm 


[Surface  to  be  rre//  tmbanknerrt 

j  coated  nrth  asphaft. 


^: 


f^inforcemenf-'       \ 


\    r 


Reinforcemcnf--^ 


Concreftr 


<5orface  to  bt  rreUcoahd 
with  a^phalf 


{A:,pha/f  iafunafed  f elf  strip 
/^  'ntde  to  be  applied  to  hor 
a:,phaff  coatea  Stfrface 


Fk;.  297. — An  expansion  joint  for  concrete  reservoir  linings,  Vancouver. 

length  on  slope  48  ft.,  thickness  8  in.     Alternate  strips  were  first  placw 
between  timber  side  forms  about  4X8  in.  secured  to  stakes  and  later  the 
intermediate  strips  were  filled  in.     Concrete,  moderately  wet,  was  deposit^ 
by  1  yd.  Ijuckets  directly  on  the  slope,  at  the  upper  limit  of  the  portion  ol 
the  space  to  be  filled  by  each  batch;  it  was  roughly  brought  to  thickness  by 
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ifi  of  a  wooden  screed  traveling  on  the  aide  forma  or  the  edges  of  previously 
ttrips.  Surface  finishing  was  done  with  long-handle,  square-point  ahoveJs 
rreat  smoothness  was  not  attempted  nor  regarded  as  necessary.  To  keep 
r  from  the  berm  and  slope  above  out  of  the  joints  each  strip  was  dished 
Jy  so  that  the  water  would  flow  down  its  center.  The  edges  of  each 
were  thus  slightly  raised  at  the  jointa,  and  along  each  joint  six  or  seven 
-ed  round  wooden  plugs  2  to  3  in.  in  diam.  were  set  to  form  weep  holes 
igh  the  strip  to  permit  the  escape  of  any  water  getting  under  the  atrip  at 
term  joint.     (See  also  p.  204,  Fig.  101.) 


Pp-  C«n+  of  Seml-Spon 

1.  298. — Economic  span  for     Pio.  299. — Shear  in  exiating  groined  arches 
groined  archefl.  (100  lb.  per  square  foot  live  load). 

(Sec  piigp  S22.) 

epairing  Lining.  Leak^c  from  a  small  concrete-lined  reservoir  near 
eford,  Maine,  waa  effectuaUy  reduced  by  cleaning  the  surface  of  the  con- 
so  as  to  expose  the  cracks  and  then  cutting  out  the  cracks,  for  a  depth 
ew  inches,  to  sufficient  width  to  permit  calking.  Joints  so  prepared  were 
>ughly  calked  with  oakum  by  shlp-calkers,  flushed  with  hot  tar  and  surplus 
umed  off  with  plumber's  torches.  The  whole  surface  of  the  concrete 
;  waa  then  given  3  good  coata  of  heavy  Portland  cement  grout,  brushed 
aving  a  total  thickness  of  about  \  in.  Leakage  was  reduced  from  2\ 
to  0.1  mgd.  In  pointing  masonry  to  be  exposed  to  water,  hardwood 
3g  tools  may  be  used  to  drive  mortar  thoroughly  into  jointa. 
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Covered  Reservoirs.    Effect  on  Water.    At  Ridgewood  (BrooklTn,  N.  T, 
waterworks),  ground  water,  or  mixed  ground  and  surface  waters,  cannol  be 
stored  in  open  reservoirs  on  account  of  growth  of  offensive  microd^aiiismi. 
Artificial  storage  resen'uirs  usually  are  unnecessary  for  a  properly  dmfpd 
ground  water-system,  because  pore  spaces  of  sands  and  gravels  form  utml 
reservoirs  of  much  larger  capacity  than  could  be  obtained  in  artificial  bum. 
Such  storage  does  not  inxite  er^ 
ration  or  growth   of  organim. 
(See  p.  683.)     Many  subsurfM 
and  filtered  waters  cannot  be  kept 
in  open  reservoirs  without  deloi- 
J  oration,  and  so  covered  rcsen'oin 

^  are  necessary  for  them. 

.-  Groined    Arches.    Method  ^ 

o  Comparison.     Assuming  that  tlui 

^  type     of     structure     staads   up 

■^  through    arch    action,   and  noi 

^  cantilever,   and   that  joints  ue 

£  formed  along  the  diagonals,  ttA 

pier  would  be  the  abutment  for  4 
arches,  the  halves  of  which  wmili) 
be  trapezoids  in  plan.  By  <lra*- 
ing  a  line  of  resistance  and  com- 
puting stresses  in  conprete,  llu! 
method  may  l)c  used  aa  a  com- 
T  and  pariaon,  although  it  la  understood 
that  the  stresses  are  not  new- 
sarily  those  which  obtain.  Fol- 
lowing is  a  table,  showing  results  obtained  for  various  groined  arches;  100  lbs. 
per  sq.  ft,  live  loud  arc  aasumed  in  ail  t-.ises.  For  detailed  methods  of  wn- 
puting,  siT  Jl.  N.  K.  W.  \V.  Assn.,  Vol.  19,  100.5.  Also  "The  Groined  .^k 
inMltcriind  Covmil  Hi-siTvoir  Constniction,"  T.  H.  Wiggin  (Xational.V-s'n 
of  Cement  Users),  K.  X.,  Apr.  7,  1910.     for  sections,  see  Vig.  S.S.").  pap  TJv 

Table  1C9.    Comparison  of  Groiaed  Concrete  Arches  * 


Shear  in  l.tt   perSq.In. 
Flo.  300.— Variation     in     intpnsity 
vertical  Hhciir  with  thiukni-Hs  uf  sec  tie 
existing  ftroiniMl  arches.     (Pkrth  co 
100  lb.  per  siiiiari^  fuDt  live  luad.) 


I  I  im-! 

2 1  iiia-j 

i  I  VMi 

I  '  19IM 

I 

'i  I'r..- 


>iai».lei|>1>i 
■rorr.-«a:iii 


'  .1.  W.  Hill.  1   H 

'  J,  11.  OreKorv.      2  .  li 

I  C.)l.     A.  .\i.     '  2X 

Miller  I 

Allen  Hrtzen.     I 

'  \U,TTM  Kin>«-le«l3,C 


New  York. 
Hlndv,  B.  W.     J.  W.  Smith.         1,5- 
S.  New  York.;  p. 00 

>o  K.  It..  N'ov.  15,  1913.  p.  3Se. 


I:2,5:5,5;15,10i3 


15-7.5i 
IS.  00 
19.16 
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perature  during  setting  and  hardening;  thorough  removal  of  laitance,  deid 
cement  and  dirt,  especially  at  joints;  scrupulous  inspection.  Ine\itable  ii- 
temiptions  for  erecting  forms,  placing  steel,  on  account  of  bad  weather,  ete^ 
should  be  as  brief  as  possible.     (See  also  p.  610.) 

Recently  experience  and  investigation  have  indicated  that  it  is  advisable 
not  to  stress  beyond  the  t^jnsile  strength  of  concrete  structures  to  contain  miff 
under  pressure,  especially  important  permanent  structures.  This  conskkn- 
tion  has  led  to  very  rich  concretes,  such  as  1: 1}:3, 1: 1:2;  working  stresaorf 
3000  to  6000  lbs.  in  the  steel ;  thicker  concrete  walls,  and  tensile  stresses  albied 
on  concrete  of  300  to  500  lbs.  As  there  is  a  tendency  for  the  diam.  of  i 
reservoir  to  increase  after  it  is  filled  with  water,  due  to  the  elasticity  of  the 
steel  in  tension,  and  as  the  base  of  the  reservoir  is  practically  rigid,  due  to 
contact  with  foundation,  some  reinforcing  material  extending  from  the  base 
up  into  the  walls  to  take  care  of  the  bending  moment  and  shear  at  the  b» 
has  been  necessary.  There  is  no  exact  method  of  obtaining  the  amount  of 
steel  rc(iuired  here,  but  it  has  been  underestimated.  In  one  small  standpipe 
no  connection  was  made  between  wall  and  base,  but  instead  a  smooth 
sliding  joint  was  provided  which  has  proved  watertight  and  has  been  sat- 
isfactory in  other  respects. 

As  building  forms  and  placing  steel  preclude  making  the  concrete  work 
continuous,  make  as  short  intervals  as  possible  Ixjtween  successive  layers, 
and  bond  in  the  best  possible  manner.  Instructions  outlined  were  followed  in 
constructing  reservoirs  at  Waltham,  Manchester,  and  Lisbon  Falls  (all  in 
New  Kiigltind  States)  except  that  tlie  latter  two  were  made  with  1:11:3 
concrete  plus  5  per  cent,  hydrated  lime.  For  Manchester  reservoir  the  thick- 
ness of  the  wall  at  base  is  20  in.,  and  at  top  12  in.  The  steel  is  designed  for* 
unit  working  stress  of  13,000  lbs.  per  sq.  in.  when  the  reservoir  is  full.  At  the 
base  are  rods  einlnHldcd  in  the  floor,  I  in.  diam.,  12  in.  on  centers,  extending  into 
the  wail  about  4  ft.  0  in.  The  floor  was  finished  with  1-in.  granolithic,  andthf 
walls  phisterod  two  coats,  making  about  1  in.  of  1:1  cement  mortar.  Thfre 
developed  at  s(»v(Tal  horizontal  joints — (\six*cially  ihroc  lower  joints — between 
days'  work,  some  seepaj^o  of  water,  whieh  in  three  places  increased  topositi^'e 
leaks.  See])ap;e  at  upp(;r  joints  gradually  stopi)ed,  presumably  due  to  filling  of 
pores  by  hydratecl  lime.  Kxainination  of  reservoir  after  emptying. showed  hori- 
zontal cracks  at  joints  mentioned,  about  30  ft.  long,  ext^jnding  through  the  wall, 
also  vertical  cracks  in  the  plastering  extending  upward  20  ft.;  furthermore, 
there  were  checks  in  the  plastering  from  whieh  water  oozed  back  into  the  reser- 
voir after  it  was  emj)t  ied.  From  these  observations,  were  drawn  the  following 
deductions:  (1)  not  enough  vc^rtieal  steel  properly  disi)osed  to  di.««trihute 
fully  the  bending  moment  and  shearing  stress  between  the  rigid  base  and  the 
walls;  (2)  the  ultimate  strength  of  the  concrete  was  probably  exceeded  when 
the  reservoir  was  fill(»(l,  thus  producing  vertical  cracks;  these  vertical  cracks 
allowed  the  water  to  permeate  the  walls  to  the  lines  of  least  resistance,  the 
horizontal  joints;  (3)  a  rich  plaster  coat  on  more  or  less  ponneable  concrete 
was  useless,  as  the  usual  crazing  and  the  vertical  cracking  would  allow  perco- 
lation of  water  through  it.  From  tests  on  concrete  beams  it  has  been  found 
that  niicros(;opic  cracks  developed  on  the  tension  side  when  the  steel  reinforce- 
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there  may  be  a  distinct  movement  on  some  joint,  as  is  indicated  by  the  tiei 
that  when  a  standpipe  has  been  kept  fiidl  of  water  for  some  time,  leakage  throu^ 
these  joints  almost  entirely  disappears,  but  on  empt3n[ng  and  refilling,  the kik- 
age  occurs  as  vigorously  as  at  first. 

In  the  Westerly  standpipe,  the  steel  stress  in  the  lowest  foot  was  6000  fix. 
per  sq.  in.,  increasing  1000  lbs.  for  each  foot  in  bight  until  a  maximum  stm 
of  12,500  lbs.  was  reached.  No  vertical  steel  was  used;  on  filling,  a  small  be 
of  dampness  occurred  in  a  horizontal  joint  about  3.5  ft.  above  the  flotf. 
Fig.  301  shows  sections  of  the  bases  of  the  two  standpipes,  and  the  poatkmof 
the  so-called  critical  joint.  On  the  section  of  the  Westerly  standjHpe,  the 
diagram  indicates  the  forces  from  the  weight  of  the  wall  and  the  oulward  pnfr 
sure  of  water  on  the  sloping  corner.  Projecting  the  resultant  backward  to  the 
inside  of  the  wall,  a  point  is  found  where  compression  changes  to  tcnatai: 
this  is  the  critical  joint.  It  is  very  close  to  the  joint  where  the  second  day's 
work  left  off.  This  is  the  joint  that  leaked.  After  the  tank  had  been  filW 
three  weeks  the  leakage  was  just  sufficient  to  dampen  the  surface.    In  addi- 


Joinf- 

Pd  000  lb  resuff-anf 
of  prv^Aures  on..^ 


upperpartof 
shpc 


SI.'^lb.raufHfnfof 
prei^um  on  entire 
slope 


Wrstorly,  R.  I. 


Attleboro.  Mass. 


Fkj.  301. 


tion  to  the  leak  near  the  bottom  three  spots  appeared:  one  very  close  to  the 
floor,  caused  by  a  breakdown  in  the  mixer,  resulting  in  a  delay  of  an  hour  or 
so;  another  23  ft.,  and  one  40  ft.  up.     These  were  grouted  under  high  pressure 
and  stopped.     The  worst  of  the  three,  before  grouting,  leaked  one  drop  in  6 
sec.     Very  great  caution  was  exercised  in  finishing  the  joint  between  daj'S' 
work.     Two  men  were  kept  on  into  the  night  after  concrete  was  placed  to 
scrub  the  top  surface  carefully  with  brushes  and  water  to  get  the  laitanceoff 
and  wash  the  surfacci  of  all  stone  showing  on  top  as  clean  as  before  being  mixed, 
because  cement  bonds  well  to  clean  apji^regatt*,  but  does  not  bond  well  to  old 
cement.     Rouphin^  strips  were  put  in  the  wall  to  form  grooves.     These  were 
also  HMnoved  in  the  evening.      Before  concrete  was  placed  the  follo\^'ing  mov- 
ing the  surface  was  thoroughly  washed  with  water,  then  coated  with  neat 
cement,  rubbed  in  with  a  brush,  and  grooves  were  filled  with  neat  cement. 

At  Bridgewater  the  floor  ran  straight  across  to  the  outside  with  just  a  little 
offset  downward  and  then  a  roughing  strip.  Then  the  wall  was  cast,  dove 
tailed  into  the  floor  and  a  little  fillet  of  concrete  was  placed  between  the  floor 
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Experiences.  Reinforced  concrete  standpipes  over  50  ft.  high  in  localitiei 
having  much  freezing  weather  were  not  regarded  with  favor  in  a  general  dis- 
cussion by  New  England  W.  W.  Assoc.,  March,  1915.  At  Westerly,  R.  I., 
leaks  soon  developed  at  construction  joints  and  more  leaks  developed  every 
time  the  standpipe  was  emptied  and  filled.  Hot  paraffin  waterproofing  ms 
unsuccessful,  as  was  plastic  slate,  which  latter  gave  a  bad  taste  to  the  witer. 
Finally,  1911,  whole  inside  was  covered  with  5  layers  of  felt  saturated  «ithi 
bituminous  compound  alternating  with  coats  of  a  bituminous  paint,  ooeting 
S1782.  Effect  of  ice  not  known  as  water  has  uniform  temperature  of  54*  F. 
Attleboro  standpipe  was  given  13  coats  of  Sylvester  wash,*  with  unsatisfactory 
results,  and  subsequently  was  waterproofed  like  the  Westerly  standfupe,  at  ft 
cost  of  S3000.  Some  spalling  on  outside,  and  patching  was  so  unsightly  that 
structure  has  been  enclosed  in  an  8-in.  brick  wall.f  At  Waltham  an  unsuccess- 
ful attempt  was  made  to  waterproof  by  applying  a  brush  coat  of  tar.  At  Man- 
chester, Mass.,  a  large  crack  occurred  as  soon  as  standpipe  was  filled;  seepage 
at  many  points.  Attempts  were  made  to  repair  cracks  by  covering  with  lead 
plates,  but  eventually  an  asphalt  waterproofing  was  the  only  satisfactory 
solution.  Outside  spalling  here  and  at  Waltham.  At  Lexington  an  unsu^ 
cessf  ul  attempt  at  waterproofing  by  plastering  on  a  coating  of  canvas  resulted 
in  the  accumulation  of  the  canvas  in  the  bottom  of  the  standpipe.  H.  B. 
Andrews,  of  Simpson  Bros.  Corp.,  Boston,  had  had  no  difficulty  from  seepage, 

Table  160.    Costs  of  Reinforced  Concrete  Tanks  and  Standpipes 

L.  n.  Allen,  Aberthaw  CoiiHtruotion  Co.  (Cement  Ago,  Sept.,  1911) 


Location 

Diiim., 
ft. 

HiKht, 
ft. 

Co«t 

Goat        , 
per  1000    ; 

Hemarks 

Waltham,  Mas.s 

100 

43 

$25,785 

1 

S12.90 

1 

Concrete  nwif  on 
st<^cl  trusses;  i*en- 
t«r  coluiun. 

Ix^icester,  Mass 

so 

30 

12,380 

11.00 

Xo  roof. 

Paris,  Me 

80 

14 

7,150 

13.60 

X^o  roof. 

Manchester,  Mass. . .  . 

60 

72 

36,000 

23.60  ; 

Attlchoro,  Mass 

50 

100 

3(),(K)0 

24.50  , 

X  Douglass  Mass 

46 

20 

5,260 

21.15  , 

Westerly,  H.  I 

40 

70 

16,(KK)  , 

24.30  , 

Warren,  R.  I 

40 

50 

10.590 

22.50  . 

t  Walker  and  Pratt, 

,S5 

20 

3,275 

22.75 

Wat<;rto\vn,  Mass. 

t Gilbert  and  Bennett. 

;^o 

70 

9,000 

24 .  30 

t  Gilbert  and  Hennett. 

:u) 

30 

8,000 

50.00 

On  tower  40  ft.  high 

HurlinKton,  Vt .  .  . 

;u) 

30 

5,050  ' 

31.40 

On  tower  25  ft.  high 

Littleton,  N.  H 

27 

27 

2,080  ; 

18.10 

Madison,  X.  J 

2') 

130 

16,(KM)  , 

33.40  , 

Around  old  steel 
pipe,  75  ft.  high. 

+  Vineyard     Haven., 

20 

70 

6,000 

36 .  60 

Mass 

Danhurv,  Conn 

20 

30 

7,250 

103.00 

On  tower  25  ft.  high 

McMlfield,  Mass 

20 

2'< 

1,530 

27 .  80 

Me<lfield,  Mass 

20 

20 

1,4(K) 

29 .  20 

Littleton,  X.  tl 

17 

17 

1,080 

38.60 

Fall  River,  Mass 

16 

15 

850 

38.60 

•  In  <ir-t  :j.")  ft  ,  ?>  roats  x\\  top,    S<m'  pajro  fil  1  ff)r  deHrription  of  Sylvester's  wsMh. 
t  With  «ir  ><paii'  Ix'tweon  and  weep  nolea  in  bottom  of  brirk  wall. 


X  Knginrors  estimate:  tunkts  not  built. 
W.  Atwu.,  June,  lUlo. 


i:H>c  al8o  Jl.  Awn.  Eug.  8oo.,  Jan.,  IQll.and  Jl.  N.  £•  ^* 
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''ever,  in  some  standpipes  erected;  in  most  recent  structures  he  had  in- 
i*ed  richness  of  concrete,  mixture  now  being  1:1:2;  none  was  over  60  ft. 
b.  Sunny  sides  of  standpipes  had  developed  most  cracks  and  leaks. 
>»ion  was  expressed  that  in  warmer  climates  results  were  and  should  be 
jsfactory.— (E.  N.,  Mar.  18,  1915.) 

Sreyention  of  Joint  Leakage.  To  prevent  leakage  through  horizontal 
Its  between  pourings  of  different  days,  grooves  can  be  formed  at  close  of  a 
u  to  receive  the  section  above.  A  better  method  is  to  use  copper  strips 
)  6  in.  wide,  bent  at  right  angles  on  both  edges  i  in.,  and  with  a  small  V 
np  in  the  center,  pressed  into  the  fresh  concrete  one-half  their  width,  with 
joints  lapped  3  to  6  in.  so  as  to  form  continuous  strips  around  the  tank. 
t  steel  strips  about  iX6  in.  have  also  been  used  successfully.  If  properly 
Dedded  in  concrete,  well  made,  metal  will  probably  last  indefinitely.  To 
jken  the  side  walls  at  junction  with  the  floor  and  tie  the  floor  to  the  walls 
h  steel  is  a  mistake.  The  floor  should  be  treated  as  unit  in  itself.  By  filling 
joints  vnth.  asphalt,  they  will  be  waterproof  under  any  head,  or  even  settle- 
it  of  the  wall.  To  prevent  cracks,  due  to  elongation  of  rods  on  filling  of 
k,  reinforcement  should  be  increased  at  bottom. — (E.  N.,  Sept.  7,  1911.) 
Since  1911,  Simpson  Bros.,  Boston,  have  built  following  tanks: 


Location 


Capacity, 
gals. 

Diam., 
ft. 

HiRht. 

ft. 

Date 

402,000 

40 

40 

1913 

550,000 

30 

104 

1912 

203,000 

45 

16 

1913 

2,500,000 

97 

46 

1913 

251,000 

50 

20 

1913 

1,646,000 

79 

42 

1913 

360,000 

35 

50 

1914 

.  Falmouth,  Mass. 

xington.  Mass 

lelmsford,  Mass. . . 

unswick,  Me 

.  Brookficld,  Mass 
oonsockct,  R.  I . . . 
mestown,  R.  I 


Waterproofing  New  Ulm  Concrete  Reservoir.  A  1,000,000-gal.  reservoir, 
N  Ulm,  Minn.,  is  75  ft.  diam.,  30  ft.  deep,  reinforced  concrete,  with  re- 
)rced  concrete  conical  roof.  Hard  clay,  well  drained  naturally,  with  12- 
layer  of  stone,  voids  filled  with  wet,  fine-grained  concrete,  formed  the 
ndation  for  a  10-in.  floor  slab,  reinforced  near  its  surface  with  16-gage  3-in. 
sh  expanded  metal.  Concrete  aggregate  was  carefully  graded,  pebbles 
m  I  in.  to  2 J  in. ;  20  lbs.  of  hydrated  lime  to  1  bbl.  of  cement  were  added 
reduce  permeability.  Walls  were  brushed  and  two  coats  of  1  :  2  cement 
8ter  was  applied,  containing  about  10  per  cent,  waterproofing  compound, 
ish  coat  of  1  : 2  cement  mortar  was  applied  to  floor  and  a  brush  coat  of  ce- 
nt grout  applied  to  this.  When  water  was  admitted,  leakage  took  place 
ough  half  the  length  of  a  circular  seam,  about  4  ft.  from  the  wall,  between 
land  new  concrete;  the  foundation  and  1  ft. of  wall  had  been  poured  7  days 
ore  la3ring  the  center  of  the  floor;  force  exerted  by  the  load  on  the  founda- 
tt  of  the  walls,  opened  the  bond.  To  remedy  this,  about  2J  in.  was  cut  out 
he  seam  and  filled  with  1 : 1  cement  mortar.  This  failed  because  difTerence 
loor  pressure  between  empty  and  full  reservoir  caused  a  movement  which 
ild  not  occur  in  side  walls.    The  added  stress  opened  the  seam  still  further. 

34 
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Reservoir  was  next  drained  and  stood  empty  90  days,  to  drain  the  eUj 
foundations  thoroughly.  All  visible  weak  places  were  cut  out  to  about 
2}  in.  deep  and  entire  surface  given  two  brush  eoats  of  "Ironit«"  and  oeiDCiit 
mixed  in  |>roportion  1  to  5.  Parts  cut  out  were  then  Med  with  strong  ce- 
ment mortar,  walla  were  plastered  with  1 : 2  cement  mort-n'  '  n  '*  bi*«Ii  vaivr- 
proofed  above,  and  an  additional  layer  of  reinforced  (J 
atecl  rods,  in  circles  and  radially)  concrete,  6  in.  at  walls 
,  ,  added.     Whole  surface  Wi 

with  waterproofing  comj 

ing  10  days  the  reservoi 

rate  of  2  ft.  a  day,  unti 
(     reached ;  then  1  ft.  a  day  ti 

and  measurements  ebowi 

R.,  Dec.  17,  1910.) 


i.  y..  N.  H.  &  H,  K.  R.     E.  R.,  Sept.  21.  1007 


STEEL  TANKS  AHD  STANDPIPE 

Rtandpipcs  were  much  used  until  about  1010,  but  o 
cost,  and  the  great  d-anger  nf  failuro  in  high  standpipe 
built  now.  Both  woo<l  aiul  titcel  have  been  used  for 
for  the  substructure.  Sl-onc  and  brick  are  occasiouall 
at  a  greater  cost. 

SpecificaUons  for  Elevated  Steel  Tanks  on  TowVt>* 

consist  (if  weifjlit  of  slnicturnl  and  ornamental  steal' 
etr.     Live  liind  sliall  lie  contents  i>f  tank,  iiiovablp 
wind  pressure.     Loud  on  platforms  and  roof  ai 
2(X)-!li.  concentrated  load  iipplied  at  any  poiol 
acting  in   any  direi'tiun,  surfaces  of  cylin 
•  CJ.  W,  HirrJi-X.,t,l.  Tr;ir.H.  Am.  Sue.  C.  B., ' 
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tanks  for  storage  of  oil  shall  be  beveled  on  both  sides  for  outside  and  inside  calking. 
Radial  sections  of  spherical  bottoms  shall  be  made  in  multiples  of  number  of  columu 
supporting  tank,  and  reinforced  at  lower  parts,  where  holes  are  made  for  piping. 
When  center  of  spherical  bottom  is  above  point  of  connection  with  cylindrictl 
part  of  tank,  there  shall  be  a  girder  at  said  connection  to  take  horizontal  thrust; 
horizontal  girder  may  be  ma<le  in  connection  with  balcony.  This  also  applies  where 
tank  is  supported  by  inclined  columns.  Balcony  around  tank  shall  be  3  ft.  widf, 
and  have  floor-plate  \  in.  thick,  punched  for  drainage;  and  shall  be  provided  with  a 
suitable  railing,  3  ft.  6  in.  high.  Upper  parts  of  spherical  bottom  plates  ihiD 
always  be  connected  on  inside  of  cylindrical  section  of  tank. 

To  avoid  eccentric  loading  on  tower  columns,  and  local  stresses  in  spherinl 
bottoms,  connections  between  columns  and  sides  of  tank  shall  be  made  in  tnA 
manner  that  arcs  through  center  of  gravity  of  column  section  intersect  center  of 
connection  between  spherical  l)ottom  and  sides  of  tank.  Enough  rivets  shall  he 
provided  above  this  intersection  to  transmit  total  column  load.  If  tank  is  sup- 
ported on  columns  riveted  directly  to  sides,  additional  material  shall  be  provided 
in  tank  plates  rivet e<l  directly  to  columns  to  take  shear.  Shear  may  be  taken  by 
providing  thicker  tank  plates,  or  by  reinforcement  plates  at  column  connection?, 
while  bending  moments  shall  be  taken  by  upper  and  lower  flange  angles.  Con- 
nections to  columns  sliall  be  made  in  such  manner  that  efficiency  of  tank  plates 
shall  not  be  less  than  that  of  vertical  seams.  For  high  towers,  columns  shall  have 
batter  of  1  to  12.  flight  of  tower  shall  be  distance  fnim  top  of  masonry  to  con- 
nection of  spherical  bottom,  or  flat  bottom,  with  cylindrical  part  of  tank.  Near 
top  of  tank  there  shall  be  one  55-bar  to  support  painter's  trolley,  and  stiffen  tank; 

its  section  modulus  not  less  than  ,,=..,  where  D  is  diam.  of  tank,  ft.     If  upper  part 

of  tjink  is  (hnrouKhly  hold  })y  roof  construction,  this  may  be  reduced.    On  larger 
tanks,  cimilar  stifTcning  angles  shall  be  provided  to  prevent  plates  fn)m  bucklinfj 

(lunng  wind  storms;  distance  between  angles  in  ft.  =  "/T  v 'J  '  =  thickness  of  tank 

plates,  in. 

Tank  will  generally  be  covered  with  conical  roof  of  thin  plates;  pitch  1  on  f» 
For  tanks  up  to  22  ft.  diani.,  roof  plates  will  be  assumed  .self-supporting.  If  tlian^ 
exceeds  22  ft.,  an>:lc  rafters  shall  support  roof  plates,  which  are  genenilly  i  in 
thick.  Plates  assuined  self-supporting:  A-i"-  pl»te,  up  to  a  diam.  of  IS  ft  I 
i  in.,  uf)  to  20  ft.;  A-in.,  up  to  22  ft.  Rivets  in  roof  plates  shall  be  i  or  A  in  • 
<lrivcn  cold;  need  not  be  headed  with  })utton  .set. 

"^IVap-iloor,  2  ft.  square,  in  roof.  Platform  with  railing,  for  safety  of  men 
operating  trapnloor  near  top  of  higher  tanks.  I^tdder  1  ft.  3  in.  wide  shall  extend 
from  about  8  ft.  above  foundation  to  top  of  tank;  also  one  inside  of  tank;  made  of 
two  2 J  by  ?-in.  ])ars  with  J-in.  round  rungs  1  ft.  apart.  On  high  tanks,  :J0 ft 
diam.  or  greater,  walk  shall  be  provided  from  coliunn  nearest  ladder  to  expansion 
joint  on  ri.ser  pipe.  If  overflow  pipe  is  not  specified,  6  in.  shall  be  adde<i  to  ^^ 
(piired  hight  of  tank.  Outlet  pipe,  in  most  cases,  is  not  required,  as  inlet  pipe  will 
serve. 

Pipes  entering  tank  sliall  have  cast-iron  ex])ansion  joints  with  rubber  parking, 
and  facilities  for  tightening.  Expansion  joint,  generally,  shall  be  fastened  to 
bottom  (»f  tank  with  bolts  having  lead  washers;  tank  plates  reinforced  where  pipw 
enter.  Pipes  (Altering  tank  shall  be  thoroughly  bracetl  laterally  with  adjustable 
(liap)nal  bracing  at  j)anel  points  of  tower.  Diagonal  bracing  in  tower  shall 
prefcralily  be  a<ljustable.  and  calculated  for  initial  stress  of  3000  lbs.  in  addition  to 
win<l  stresses,  etc.     Size  and  number  of  anchor-bolts  in  tower  shall  be  determined 
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Table  161.    Properties  of  Steel  for  Standpipes. 


Elements  considerod 

Structural  steel                   Rivet  ited 

T>i.        1.                     •            ( Basic 

0.04  %            1         0.04  %    . 
0.06  %            1          0.04  % 

Phosphorus,  maximum  <  *   -^ 

Sulphur,  maximum 

0.05  % 

0.04  % 

Ultimate  tensile  strength,  in  lbs.  per  sq.  in. 

Elongation:  minimum  per  cent,  in  8  in. 

Fig.  304. 
Elongation:  minimum  per  cent,  in  2  in. 

Fig.  305. 
Character  of  fracture 

(60,000 
\  desired 
1,500,000 

Ult.  ten.  str. 
22 

/  50.000 
\  desired 
1,500,000 

Ult.  ten.  sir. 

Silky 

Silkv 

Cold  bends  without  fracture 

ISO""  flat           1           ISO**  flat 

1 

Yield  point,  as  indicated  by  drop  of  beam,  shall  be  recorded  in  test  report 
If  ultimate  strength  varies  more  than  4000  lbs.  from  that  desired,  a  re-test  shall  be 
made  on  same  gage,  which,  to  be  acceptable,  shall  be  within  5000  lbs.  of  desired 
ultimate.  Chemical  determinations  of  per  cent,  of  carbon,  phosphorus,  sulphur, 
and  manganese  shall  be  made  by  manufacturer  from  test  ingot  taken  at  time  of 
pouring  of  each  melt  of  steel,  and  a  correct  copy  of  such  analysis  shall  be  furnished 
to  engineer.  Check  analyses  shall  be  made  from  finished  material,  if  called  for, 
in  which  case  an  excess  of  25  per  cent,  above  required  limits  will  be  allowed. 
Specimens  fur  tensile  and  bending  tests,  for  plates,  shapes,  and  bars,  shall  be  made 
by  cutting  coupons  from  finished  product,  which  shall  have  both  faces  rolled  and 
both  edges  milled  to  form  sho\vn  by  Fig.  304;  or  with  edges  parallel ;  or  they  may 
Me  turned  to  a  diam.  of  }  in.  for  a  length  of  at  least  9  in.,  with  enlarged  ends. 


ParaJkl  5ed-iori    j^^j 
-'Noflebb  ihan  ^  ./^^j' 


-<r, 


[^^ 


.1. 


u< -. 

'       s"    si'-' 


•-4^:-- 


-?■ 


>ii'^i''^. 


-l3'A6f. 

Fk;.  304. 


U 


Willie 


^4< t 


* 


'd 


->f%'i 


Fio.  305. 


Rivet  rods  slirill  be  tested  as  Dllcd.     Specimens  shall  be  cut  from  finished  rolled  or 
for^i^ed  bar,  in  siicli  niaiinor  ^hat  center  of  specimen  shall  be  1  in.  from  surfm'fo^ 
l)ar.     Specinion  for  tensile  test  shall  be  turned  to  form  shown  by  Fig.  305;  spei'lniw 
for  bendinK  test  shall  he  1  in.  by  }  in.  in  section.     Material  to  be  useil  without 
annealing?  or  fiirtluT  treatment  shall  be  tested  in  conditicm  in  which  it  comes fn«D 
rolls.     When  ni'>,terial  is  to  be  annealed,  or  otherwise  treatwl  before  use,  spetMmeW 
for  tensile  tes^t  repn\senting  such  material  shall  be  cut  fr(»m  properly  annealed »f 
similarly  treated  short  len^cths  of  full  section  of  bar.     At  least  one  tensile  and  one 
bending  test  shall  be  made  from  each  melt  of  steel  as  rolled.     In  case  steel  differing 
\  in.  and  more  in  thickness  is  rolled  from  one  melt,  te.st  shall  be  made  fn>m  thickest 
and  thinnest  material  rolled.     For  material  less  than  /^  in.  and  more  than  Jin- 
thi<-k,  followin^r  modifications  will  be  allowed  in  requirements  for  elongation:  ("■ 
For  each  A  iii.  thickness  below  {\  in.,  a  deduction  of  2  J  from  specified  percent, 
will  be  allowed;  (/>)  for  each  \  in.  in  thickness  above  J  in.,  a  deduction  of  1  from 
8pe4'irie<l  per  cent,  will  be  allowed.     Bending  tests  may  be  made  by  pressure  or  by 
blows.     Plates,  shapes,  and  bars  less  than  1  in.  thick  shall  bend  as  called  for  in 
Table  Itil.    Angles  \  in.  and  less  thick  shall  open  flat,  and  angles  \  in.  and  less  thick 
shall  bend  shut,  c«jld,  under  blows  of  a  hammer,  without  sign  of  fracture.    Thi? 
tast  will  be  made  only  when  required  })y  inspector.     Rivet  steel,  when  nicked  and 
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)  around  bar  of  same  diani.  as  rivet  rod,  shall  give  gradual  break  and  fine, 
r,  uniform  fracture.  Finished  material  shall  be  free  from  injurious  seams, 
8,  cracks,  defective  edges  or  other  defects,  and  have  a  smooth,  uniform,  work- 
like  finish.  Plates  36  in.  wide  and  less  shall  have  rolled  edges.  Every 
hed  piece  of  steel  shall  have  melt  number  and  name  of  manufacturer  stamped  or 
d  upon  it.  Steel  for  pins  shall  be  stamped  on  end.  Hivet  and  lattice  steel  and 
jr  small  parts  may  be  bundled,  with  above  marks  on  attached  metal  tag. 
«rial  which,  subsequent  to  foregoing  tests  at  mills,  and  acceptance  there, 
ilops  weak  spots,  brittleness,  cracks,  or  other  imperfections,  or  is  found  to  have 
rious  defects,  will  be  rejected  at  shop,  and  shall  be  replaced  by  manufacturer  at 
)wn  cost.  Variation  in  cross-section  or  weight  of  each  piece  of  steel  of  more  than 
ler  cent,  from  that  specified  will  be  sufficient  cause  for  rejection,  except  in  case 
leared  plates,  which  will  be  covered  by  following  permissible  variations,  which 
to  apply  to  single  plates: 

Plates  weighing  12  J  lbs.  per  sq.  ft.  or  more:  (o)  Up  to  100  in.  wide,  2 J  per  cent, 
/e  or  below  prescribed  weight;  (6)  100  in.  wide  or  more,  5  per  cent,  above  or 
w. 

Plates  weighing  less  than  12  i  lbs.  per  sq.  ft. :  (a)  Up  to  75  in.  wide,  2i  per  cent, 
ire  or  below;  (6)  75  in.  and  up  to  100  in.  wide,  5. per  cent,  above  or  3 percent, 
w;  (c)  100  in.  wide  or  more,  10  per  cent,  above  or  3  per  cent,  below. 
Plates  will  be  accepted  if  thickness  is  not  more  than  0.01  in.  less  than  ordered, 
excess  over  nominal  weight,  corresponding  to  dimensions  on  order,  will  be 
wed  for  each  plate,  1  cu.  in.  of  rolled  steel  being  assumed  to  weigh  0.2833  lb., 
ccordance  with  Table  162: 

Table  162.     Steel  Plates;  Excess  Weight  Allowed  for  Payment 


1 

Widths  uf  pUtea 

'hicknes.%  in. 

Nominal  woiKht, 
lbs.  per  8<].  ft. 

10.20 

Up  to  75  in., 

% 

'      7^  in.  and  up 
to  100  in.. 

103  in.  and  up  to 
115  in., 

% 

I 

10 

14 

18 

1 

12.75 

8 

12 

16 

15.3 

7 

10 

13 

A 

17.85 

6 

8 

10 

i 

20.4 

5 

7 

9 

1 

22 .  95 

4i 

6i 

8J 

25.5 

4 

6 

8 

ore  than  | 



3J 

5 

6* 

C(M^  Iron,  Except  where  chilled  iron  is  specified,  castings  shall  be  made  of 
5^>  gray  iron,  with  not  more  than  0.10  per  cent,  sulphur.  They  shall  be  true  to 
ems,  out  of  wind,  and  free  from  flaws  and  excessive  shrinkage.  If  tests  are 
landed,  they  shall  be  made  on  "Arbitration  Bar"  of  Ani.  Soc.  for  Testing 
trials,  which  is  a  round  bar,  1}  in.  diam.  15  in.  long.  Transverse  test  shall 
Qade  on  supported  length  of  12  in.  with  load  at  middle.  Minimum  breaking 
I  thus  applied  shall  be  2900 11)8.,  with  deflection  of  at  least  ,'o  in.  before  rupture. 
Workmanship,  Inspection.  All  material  shall  be  throughly  straightened  in 
),  by  methods  which  will  not  injure  it,  before  being  laid  off  or  worked  in 
way.  Shearing  shall  he  done  neatly  and  accurately,  and  all  portions  of 
k  exposed  to  view  shall  have  neat  and  uniform  appearance.  Size  of  each 
t,  called  for  by  plans,  shall  be  understood  to  mean  actual  size  of  cold  rivet  before 
ing.  All  plates  and  shapes  shall  be  shaped  to  proper  curve  by  cold  rolling; 
ing  or  hammering  for  stniightening  or  curving  will  not  be  allowed.  Plates 
•e  scarfed  may  be  heated  to  cherrj'-red  color,  but  not  hot  enough  to  ignite  a 
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piece  of  dry  wood  when  applied  to  it.  Most  careful  attention  shall  be  paid  toil 
scarfing.  All  plates  or  shapes  shall  be  punched  before  being  bevd  sheared  ff 
planed  for  calking.  All  screw  threads  shall  make  tight  fits  in  nuts  and  ton- 
buckles,  and  shall  be  U.  S.  Standard,  except  for  diam.  greater  than  1]  iiL, 
when  they  shall  have  six  threads  per  in.  Dimensions  of  screws  of  various  aia 
shall  be  as   follows: 

Diam.  of  screw  ends 1  in.    1|  in.    1}  in.    1|  and  greater 

Number  of  threads  per  inch 8  7  7  6 

Minimum  excass  of  upset  bar  at  root  of  thread  over  body  of  bar  shall  be  15  per 
cent.     Shape  of  thread  shall  be  U.  S.  Standard. 

Table  163.    Standard  Upsets  for  Round  and  Square  Steel  Bars 


Round  bars 

Square  bars 

Bar 

X'pset 

Bar 

Vp9e% 

— 

Diam.,  in. 

Diam^  in. 

Side,  in. 

Diam.,  in. 

I 

1 

) 

u 

I 

li 

I 

1 

1 

11 

1 

u 

u 

11 

1 

1} 

li 

■* ' 

1 

u 

U 

2 

1) 

li 

1 

2 
2 

If 

2 

1 

1} 

2» 

1 J , 

2 

11 

2{ 

1| 

2 

2 

21 

2 

2{ 

Diam.  of  die  used  in  punching  rivet  holes  shall  not  exceed  that  of  punch  by 
more  than  -^  in.  All  rivet  holes  shall  be  punched,  except  as  stated  previously. 
All  punched  and  reamed  holes  shall  be  clean  cuts,  without  t^om  or  ragged  edgff- 
Burrs  on  all  reamed  holes  shall  he  removed  })y  tool,  countersinking  not  more  than 
i\  in.  Any  parts  of  structure  in  which  difficulties  may  arise  in  field  riveting  shall 
be  assembled  in  shop  and  marked  properly  before  shipment.  Rivet  holes  shall  be 
accurately  spaced;  eccentrically  located  rivet  holes,  if  not  sufficient  to  cause  rejec- 
tion, shall  be  corrected  hv  roaming,  and  rivets  of  larger  size  shall  be  used  in  boles 
thus  reamed.  Use  of  drift-pins  will  be  allowed  only  for  bringing  together  several 
parts;  force  will  not  be  allowed  in  drifting  under  any  circumstances.  Use  of 
sledges  on  any  part  will  not  be  allowed.  Care  shall  be  taken  to  prevent  mat«ri*l 
from  falling,  or  being  in  anj'  way  subjected  to  heavy  shocks.  Rivets  shall  be 
driven  by  pressure  tools  wherever  possible.  Pneumatic  hammers  shall  be  used  m 
preference  to  hand-<lriving.  All  rivet  heads  shall  be  concentric  with  holes.  All 
calking  shall  be  done  with  round-nosed  tool,  and  only  by  skilled  men.  CalWV 
around  rivet  heads  will  not  be  allowed.  All  fractured  material  shall  be  replaced 
free  of  cost  to  owner. 

Painliug  and  Testing.     Before  leaving  shop,  all  steelwork  except  laps  in  contact 
on  tank  work  shall  receive  one  coat  of  approved  paint  or  boiled  linseed  oil.   A^' 
parts  which  will  be  inaccessible  after  erecticm  shall  be  well  painted,  except  as  juJ^ 
stated.     After  structure  is  erected  and  all  seams  calked,  it  shall  be  tested  for 
water-tightness,  and  leaky  places  shall  he  marked.     Watershall  then  bedischarged 
and  leaky  seams  calked;  leaky  rivets  shall  be  cut  out  and  replaced  with  new  ones. 
After  structure  has  stood  empty  8  days,  it  shall  be  reteated,  and  then,  if  all  joints 
are  water-tight,  it  shall  be  given  one  coat  of  approved  paint  both  inside  and  outside. 
Painting  in  open  air  shall  never  be  done  in  wet  or  freezing  weather.     Contractoi 
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equal,  at  ieoat,  to  that  of  bottom  ring  of  shell.  In  all  coses  where  triple  rivet- 
ing is  necessary  for  lower  horizontal  joints,  two  bottom  angles  are  used,  in 
which  case  thickness  of  each  angle  is  not  less  than  two-thirds  of  thickness  of 
bottom  ring. 

Materiais,  Life  and  Arrangement  of  Towers.  A  water  tower  may  have 
three  or  more  l^s.  With  wooden  towers  it  is  desirable  to  use  12  and  even 
more  legs,  in  case  the  tank  is  very  lai^e,  because  a  lesser  number  of  12  by 
12's,  the  size  of  timber  moat  suitable,  would  not  give  sufficient  cross-section. 
Most  builders  have  now  adopted  the  4-post  steel  design,  as  being,  every- 
thing considered,  the  best,  except  for  tanks  of  very  large  capacities. 

Form  of  Tank  Bottom.  When  steel  was  first  substituted  for  wood,  flat 
bottoms  were  used.  This  was  uneconomical  owing  to  the  heavy  floor  system 
required,  and  the  inaccessibility  of  the  bottom  for  painting.  A  conical 
form  has  in  some  instances  been  used,  but  there  is  nothing  to  recommend  this 
type,  while  a  few  notable  failures  are  recorded  against  it.  The  most  practical 
and  economical  form  for  the  bottom  of  steel  tanks  is  the  hemisphere.  Shops 
are  equipped  with  special  machinery  for  the  manufacture  of  these  tanks  and 
carry  a  stock  of  material  for  certain  of  the  standard  sizes  for  quick  delivery. 

Table  166.    DimensioDs  of  Standard  Steel  Water  Tanka* 


o.g„. 

Diam.,  It., 

Height.* 

10,000 
15.000 

11 
12 

10   0 
14    0 

r', 

20,000 
25.000 

30,000 
35,000 

13 
14 
15 

16 

16  0 

17  0 

18  0 
18    0 

40,000 
45,000 
50,000 
55.000 

17 
17 
IS 
IS 

18   0 
21    0 
20    4 
23    0 

60,000 
65,000 

19 
19 

22    0 
24    4 

70,000 
75,000 

20 

20 

23    0 

25    3 

80.000 

21 

24   0 

90,000 

100,000 
125,000 

21 

22 
24 

27  9 

28  0 

29  0 

Fio.  282. 

150,000 

175,000 

25 
26 

32    a 
35    5 

200,000 
2.50,000 

rioo.ooo 

28 
30 
32 

34    1 
37    4 
39    3 

H-MII  ^  2(in,    For 
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WOODEN  TANKS* 

CompariBOD  of  Wooden  and  Steet  Tacks.  Steel  tanks  of  rises  commoiili 
used  for  fire  protection  cost  from  40  to  100  per  cent,  more  than  wooden;  ihe 
additional  cost  of  large  tanks  is  relatively  less.  A  steel  tank  of  about  40,01)0 
gaU.  capacity,  or  over,  can  be  erected  on  a  steel  trestle  at  about  the  same  (ofl 
as  a  wooden  tank,  since  a  saving  can  be  made  in  the  cost  of  supports  bri 
hemispherical  bottom.    A  steel  tank  is  superior  to  a  wooden:  (I)  It  willba 


cm  wu.xlrn  tunks. 
tunltlf-  nprrifirmlian*  f^^P*"^^ 
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Hight    In  fee*- 
19  e  IT  16    15    K      a      IE  . 


iiaoo 
10500 


9000 
1  bboo 


-a    TSOO 
g.  1000 


5  MOO 

I 

S_  5500  g 

°  t 

^  5000  . 

~  O) 

g   4S00  = 

S 

35  4000 

3500 

3000 

2S00 

ZOOO 

1500 

1000 

500 

0 

0       2.S       S       75       10      IIS       IS       lis      20       IIS     !5       !7S     30    K 

Piame+er.ln  Feet- 

Fia.  307. — Streaa  in  hoops  of  cylindrical  wooden  tanks  for  varying  depths  (rf  water 
and  diameters  of  tank. 
(B^IDcer  and  Periot,  1W3.) 
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TaMe  IM. 


(>ir3L&r  STii»  from  1|*  ajui  2 


ii 

2 

s 

2 

> 
"Z 

4 

< 

117 

180 

■  > 

J;  IT 

*•  - 

■ 
z 

r 

2 

H 

2 

17 

»s 

49 

2  T, 

2 

5 

158 

210 

2  5 

s 

2 

2;j 

n'> 

51# 

4 

4 

* 

*» 

268 

325 

3 

^ 

3 

» 

SS4 

m 

5 

1 

11 

^2 

385 

4 

8 

4 

39 

L:2l> 

740 

^1 

5 

13 

110 

460 

6 

S 

o 

«) 

L>T^ 

LM 

2 

2 

6 

195 

240 

7 

8 

6 

70 

2L3fC 

1.179 

2  5 

2 

8 

255 

280 

8 

8 

i 

SO 

2LS35 

L» 

4 

4 

14 

443 

425 

10 

8 

8 

101 

^cl'* 

l.S» 

5 

4 

18 

562 

500 

12 

8 

9 

121 

5.816 

LHW 

6 

5 

5 

22 

675 

590 

7 

5 

6 

25 

7^ 

690 

2 

9 

2 

22 

696 

MS 

2  5 

9 

2 

29 

9l>4 

:w 

2 

6 

2 

9 

292 

290 

6 

9 

5 

76 

i39i) 

L30 

2  5 

6 

2 

12 

382 

330 

8 

9 

« 

102 

3.210 

1.550 

3     ' 

6 

3 

15 

477 

400 

10 

9 

8 

128 

4.03> 

l.S» 

4 

6 

4 

21 

659 

480 

12 

9 

9 

153 

4.S30 

2.125 

5    : 

6 

4 

27 

8:i8 

550' 

• 

2 

10 

2 

28 

870 

750 

6 

6 

5 

32 

1,017 

640 

2  5 

10 

2 

36 

1.138 

835 

7 

6 

6 

38 

1.190 

740 

8 

10 

7 

129 

4.060 

1.885 

8 

6 

7 

43 

1,368 

850 

10 

10 

8 

162 

5.102 

2.150 

10 

6 

8 

54 

1,710 

960 

12 

10 

9 

181 

5,700 

2.4«5 

2 

7 

2 

13 

408 

360 

2 

12 

2 

40 

1.270 

l.nM 

2  r, 

7 

2 

17 

534 

410    . 

2.5 

12 

3 

5:J 

1.661 

1.116 

6 

7 

5 

45 

1,413 

fK)0 

8 

12 

7 

189 

5.944 

2.072 

7 

7 

fi 

53 

1,660 

1,025 

10 

12 

8 

237 

7.476 

2.421 

H 

7 

7 

00 

1,886 

1.150 

12 

12 

9 

286 

8,99S 

2.770 

10     , 

7 

8 

71 

2,335 

1,300 

14 

12 

12 

335 

10.544 

3.200 

'I  h<;  liVcraKc  Iif«  of  wr>'><ir;n  tankn  is  about  15  yrs.      *  Sec  also  Table  213,  p.  630. 

for  an  indofinito  time  if  kept  thoroughly  painted  inside  and  out;  whereas* 
wooden  tank  will  Jiave  to  be  replaced  in  from  12  to  30  jts.  (usually  15).  ('-) 
It  will  }>e  absolutely  tight  when  once  well  erected  and  properly  cared  fo^* 
whereas  a  wrMxlen  tank  will  shrink  and  leak  when  the  water  gets  low.  (3) 
It  will  not  }>e  likely  to  hurst  suddenly  (if  originally  correctly  designed)  evenu 
fiainting  is  nf^gh^ctr^d,  for  a  few  sjxjts  will  rust  through  first.  The  ohjectioos 
to  Ht(!(;l  tanks  are:  (1)  Th(;y  recjuire  skilled  boiler  makers  to  erect,  thus  addiD? 
considerably  to  the;  cost  when  at  a  distance  from  the  boiler  shop.  (2)  TbeJ 
an;  more  diflitfult  to  protect  against  freezing.  (3)  They  give  more  trouble W 
sweating  wh(;n  in  a  building.  (4)  They  deteriorate  rapidly  if  painting  ^ 
neglected.     (Inspection  Dept.,  Assoc.  Factory  Mutual  Fire  Ins.  Cos.) 

Specifications   for   Cylindrical   Wooden   Tanks,  f     Material.     C^ar,  cypT«* 
wliifc  pine,  or  Oregon  \)'\iw  (Douglas  fir),  free  from  sap,  loose  or  unsound  knot8» 
worm    holes   and   slmkcs;   Miorouj^hly   air  dirod.     Staves  and   bottom   of  2}-in. 
(<ln'HS(M|  to  21-iii)  stock,  for  tanks  not  exceeding  16  ft.  diam.,  or  16  ft.  deep;  for 
larj;rr  t  .'inks,  3  in.,  dressed  to  about  2}  in.     Tanks  of  the  best  red  cedar  and  of  good 

I  IiiHprrtion  Drpt.,  AiMior.    Factory  Mutual  Fire  Ins.  Cos. 
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167.    Capftdtira  and  Wrights   of   Sundard    Sizo  Woodea  lUUroad  ud 
Storag«  Tanks 
Mode  from  3-ia.  material 
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cypress  are  about  equally  durable.  For  use  out  of  doors,  or  where  exposed  to 
freezing,  Michigan  pine,  free  from  sap  wood,  is  generally  the  most  durable;  ordinary 
Eastern  pine  will  not  last  as  long  as  any  of  the  woods  above  mentioned.  CS'prcss 
or  cedar  tanks  will  last  at  leai^t  15  yrs.  and  commonly  20  or  25.  One  cedar  tank 
is  reported  in  good  condition  after  42  yrs.'  service. 

Dressing  of  Lumber.    Staves  to  be  sawed  to  the  proper  bevel  to  make  tme 
joints  and  correct  taper;  edges  may  or  may  not  be  planed.     If  not  planed,  care 
should  be  exercised  to  have  a  very  can»fully  sawn  surface.     If  planed,  the  planiof 
should  be  done  in  the  very  best  manner,  because  any  little  wavings  may  cauaf 
small  openings  directly  through.     The  croze  (groove  for  receiving  the  bottom)  to 
be  cut  in  a  true  line  at  a  unifonn  distance  from  the  bottom  of  the  staves.    A  hole 
to  be  bored  in  both  edges  of  each  stave,  about  one-third  the  distance  from  the  top, 
for  a  f-in.  dowel,  to  hold  the  staves  in  position  while  the  tank  is  being  erected. 
Small  metal  dogs  driven  into  the  tops  of  the  staves  may  be  used  instead.    Bottom 
planks  arc  to  be  dressed  on  4  sides,  and  the  edges  of  each  bored  with  holes  not  o^tr 
3  ft.  apart  for  f-in.  dowels.  / 

Hoops.  Round  wrought  iron  or  mild  Btcc\  of  good  quality.  Wrought  iron  is 
preferable  as  it  docs  not  rust  so  easily.  Wrought  iron  to  have  a  tensile  strenfrth 
of  at  least  50,000  lbs.  per  sq.  in.;  steel,  not  less  than  55,000,  nor  more  than  60,000; 
carbon  not  to  exceed  0.10  per  cent.  Use  no  welds  in  any  hoops.  li^Tiere  moif 
than  one  length  of  iron  is  necessary,  lugs  are  to  be  used  to  make  the  joints;  and 
when  more  than  one  piece  is  necessary,  the  several  pieces  constituting  one  hoop 
should  be  tied  together  in  preparing  for  shipment.  Hoops  to  be  of  such  size  and 
spacing  that  the  stress  will  not  exceed  12,500  lbs.  per  sq.  in.,  computed  from  the 
area  at  root  of  thread.  On  account  of  the  swelling  of  the  bottom  planks,  hoopn 
near  tlic  bottom  may  be  subjected  to  a  streas  greater  than  that  due  to  the  water 
pressure  alone;  therefore,  additional  hoops  should  bo  provided.  For  tanks  up  to 
20  ft.  diam.,  one  hoop  of  the  size  u.sed  next  above  it  should  be  placed  around  tho 
bottom  opposite  the  croze,  and  not  counted  upon  as  withstanding  any  water  pnv 
sure;  for  tanks  20  ft.  or  more  in  diam.,  2  lioops.  Hoops  with  upset  ends  are  not 
allowed,  because:  (l)the  metal  is  likely  to  be  burned  in  upsetting  unless  done  under 
careful  supervision;  (2)  the  additional  diam.  is  likely  to  })e  gained  by  welding Iwit 
ends  to  sinallcT  roils,  thus  introducing  a  weak  place  at  the  welds.  When  thesM'H'W 
threads  are  rut  diroctly  on  the  ends  of  a  hoop,  the  unthreaded  portions  may!* 
corroded  to  a  depth  eijual  to  the  thread  depth  without  weakening  the  h(H)p.  The 
screw  thread  itself  is  not  so  liable  to  serious  corrosion  as  is  the  portitm  of  theh^ip 
which  bears  against  the  staves,  since  the  latter  is  subjected  to  moisture  fnmi  th*" 
wood.  No  spa<"e  between  hoops  to  be  greater  than  21  in.  The  top  h(M)p  to  1* 
placed  within  2  in.  of  the  top  of  the  staves  in  order  that  the  overflow  pipe  may  !»•' 
inserted  as  high  as  possible.  Hoops  to  be  placed  so  that  the  lugs  will  not  com<''n 
a  viirticjil  line.  No  hoop  to  be  less  than  J  in.  dijirn.  All  hoops  are  to  be  thomuw 
cleaned  of  mill  scale  and  rust  and  given  one*  coat  of  red  lead,  lamp  bhurk  and  bo''"' 
oil,  before  erect  ing ;  and  after  erecting,  another  coat  of  some  durable  oil  or  asphaltum 
paint.  Flat  hoops,  especially  those  of  steel,  rust  from  the  back  where  they  hoa^ 
against  the  staves,  and  serious  accidents  have  happened  by  hoops  bursting  *^" 
account  of  this  imobserv'ed  corrosiim.  Sometimes  galvanizing  or  painting  '•'' 
(h*p<'nde(l  upim  to  prevent  rusting,  but  there  is  always  the  possibihty  that  spots'*' 
th(^  protective  coating  will  be  knocked  otT  during  handling,  and  one  spot  left  un- 
protected may  result  in  failure.     Round  hoops  are  advised  for  all  tanks. 


CHAPTER  XXIV 

WATER  CONSUMPTION 

r  Capita  Consumption  in  U.  S.  cities  and  towns  ranges  approximately  from 
400  g.  p.  d.  For  communities  having  service  connections  wholly  or  largely 
3d,  it  is  commonly  under  100  g.  p.  d.;  and  for  small  cities  and  towns  often 
less.  For  large  cities  with  few  meters,  but  well  managed  works  in  good 
ion,  125  to  150  g.p.d.  is  a  reasonable  allowance.  Character  of  industries, 
e  and  other  local  conditions  have  important  influences. 
wnSy  CloseU  and  Bathrooms.  Water  for  sprinkling  100  sq.  ft.  of  lawn,  about 
ft.,  or  7  to  8  gals.;  for  soaking  100  sq.  ft.  of  lawn,  about  2\  cu.  ft.,  or  from 
16  gals.;  to  flush  closet  each  time,  5  to  6  gals.;  to  fill  lavatory,  ordinary, 
1|  gals.;  to  fill  bath  tub,  ordinary,  about  30  gals. 

rm  Animals.  Consumption  of  water  by  farm  animals  varies  greatly,  depend- 
on  season  of  year,  age  and  individual  habits  of  animal,  and  local  conditions, 
ing  is  an  approximation:  Horses,  each,  5  to  10  gals,  per  day ;  cattle,  each,  7  to 
I.  per  day;  hogs,  each^  1)  to  2}  gals,  per  day;  sheep,  each,  1  to  2  gaU.  per  day. 


iG.  308.- 
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n. 


12. 


1^ 


14. 


15. 


\6. 


IT 


-Types  of  spray vS  and  nozzles  tested  for  quantities  discharged, 

Table  170,  page  547. 

(Jl.  N.  E.  W.  W.  Ass'n.  Dec,  1914.) 


iter  Required  for  Steam  Making.  Standard  fixed  by  Watt  for  determining 
ower  of  boilers,  was  1  ou.  ft.  of  water  evaporated  per  hour  from  212®  F. 
ch  horsepower.  At  that  time  this  was  the  requirement  of  the  best 
8.  Prof.  Thurston  estimated  water  required  per  hour  per  horsepower  for 
ngines  equal  to  200  divided  by  square  root  of  pressure,  and  for  best  engines, 
as  150  divided  by  square  root  of  pressure.  This  would  give,  for  good  engines, 
ig  with  64  lbs.  per  sq.  in.  steam  pressure,  evaporation  of  25  lbs.  water,  and  for 
igines,  working  with  100  lbs.  pressure,  only  15  lbs.  per  hr.  per  hp.  —  72  and 
.d.,  respectively. 
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igating.  *  Making  allowance  for  evaporation  it  requires  28,320 
1  acre  1  in.  deep.  It  requires  from  10  in.  to  20  in.  per  acre 
p,  average  being  16  in.  Actual  amount  required  depends  upon 
Flooding  alfalfa  6  in.  deep  will  wet  the  soil  4  ft.  from  surface, 
ds  4  in.  deep  will  wet  the  soil  4  ft.  from  surface. 


able  169.    Daily  Consuinption  of  Water  by  Crops 

(Rbler) 


Inches               ' 

Inches 

0.134  to  0.267 

'  Wheat 

0.106  too. 110 
0.091 

0.038  to  0.055 
0.038  to  0.050 
0.020  to  0.043 

0.122  to  0.287 
0.140  to  0.193 
0.111  to  1.570 
0.140 
0.035  to  0.031 

Rye 

^^j  ^••» 

Potatoes 

Oak  trees 

Fir  trees 

ischarges  from  Lawn  Sprinklers f  and  Garden  Hose  Nozzles 


Diameters, 

in. 

No.  i 

of 

out- 

In- 

Out- 

lets 

let 

let 

Pressure,  lbs. 
per  sq.  in. 


MB, 


let. 


0.60      0.062  15 


rl  . 


0.62 


0.62 


irl..  0.61 


irl. 


(  0.142,  1 
'0.080  3 
[0.036  49 


f 0.062  151 
10.072|15/ 


0.070;  15 


0.60 


f 0.062  15 

I 


0.062  15  \ 
0.055,   2/ 


irl     n  fin  ■  /  0.061  11  \ 

irl..  0.60  I  I  0.055    2.: 

,irl    n  A^  /  0.041  52  1 

iirl.  0.41  ^  (  0.056  15/ 


iirl. 


0.41 


iirl. '0.52 


0.056  15 


0 . 040  60 


At      I     At 
sillcock  noszle 


f52 
51 
28 
25 

(57 
30 
57 
33 

f48 
43 
49 

.41 

(53 

J  36 

54 

[33 


51 
48 
25 
23 

51 
25 
50 
25 

25 
24 
34 
25 

41 
25 
42 
25 

42 
25 
47 
25 

49 
25 
44 
25 

30 
25 
44 
25 

47 
25 
46 
25 

31 
25 
27 
25 


Length  of 

I -in. 

hose,  ft. 


50 
100 
100 

50 

50 

50 

100 

100 

100 

100 

50 

60 

50 

50 

100 

100 

100 

100 

50 

50 

50 

50 

100 

100 

100 

100 

50 

50 

50 

50 

100 

100 

50 


100 
100 


Discharge, 

gals,  per 

hr. 


345 
330 
255 
225 

390 
360 
330 
240 

600 
540 
570 
510 

480 
390 
420 
300 

450 
330 
450 
330 

390 
240 
360 
240 

540 
480 
670 
480 

390 
300 
330 
240 

660 
000 
630 
570 


Value   of 
water  per 
hr.  at  10  Ota. 

per  1000 
gals. 


$0,034 
0.033 
0.025 
0.022 

0.039 
0.036 
0.033 
0.024 

0.060 
0.054 
0.057 
0.051 

0.048 
0.039 
0.042 
0.030 

0.046 
0.033 
0.046 
0.033 

0.039 
0.024 
0.036 
0.024 

0.054 
0.048 
0.057 
0.048 

0.039 
0.030 
0.033 
0.024 

0.066 
0.060 
0.063 
0.057 


n  Jackson  Iron  Works,  Inc.,  San  Francisco, 
sc  545.    Remainder  of  table  on  next  page. 
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Table  170.    Discharges  from  Lawn  Sprinklers*! 

{Continued) 


and  Garden  Hose  Nozzle 


No. 
(see 
Fig. 
308) 


Name  aod  type 


Diameters, 
in. 


In- 
let 


Out- 
let 


No. 
of 

out- 
lets 


Pressure,  lbs. 
per  sq.  in. 


At 
sillcock 


At 
nossle 


Length  of 

}-in. 
hose,  ft. 


10 


11 


12 


13 


Hotchkiss,  whirl.  0.42        0.055  15 


Hotchldfls.  fixed.  0.42        0.032  50 


No  name,  fixed.  .0.41 


0.035 


Little      Wonder,  ' 
fixed.  to. 40        0.32 


14      Niagara,  fixed..  .  0.60        0.035 


50 


48 


15 


Hero,  fixed 0.62        0.038  56 


16      Boston,  jet 0.563      0.22 


17      Boston,  spray.. .    0.563      0.22  I    1 


18      Fairy,  jet 


Fairy,  spray. 


0.600      0.18  I   1 


19      No  name,  jet    .  ..  O.G.iO      0  20       1 


1  I 


f  60 


30 
60 
30 


f  55 

I  30 
55 

132 

(57 

31 

157 

65 

I  30 
161 
128 

f  56 
31 
56 
33 


29 
25 
48 
25 

45 
25 
41 
25 

39 
25 
41 
25 

49 
25 
44 
25 


55 
25 
55 
25 

45 
25 
45 
25 

48 
25 
45 
25 
60 
25 
59 
25 

47 
25 
45 
25 


[52 

41 

36 

25  1 

* 

53 

44  1 

I  32 

25 

[55 

46 

34 

25 

56 

45 

[33 

25 

i     Vali; 

Discharge,  I    wate 

gals,  per    j       hr. 

hr.  I  10  rt 

1000 


50 

50 

100 

100 

50 

50 

100 

100 

100 

100 

50 

50 

50 

50 

100 

100 

100 

100 

50 

50 

50 

50 

100 

100 

50 

50 

100 

100 

50 

50 

100 

100 

50 

50 

100 

100 

50 

50 

100 

100 

50 

50 

100 

100 


390 
270 
360 
240 

480 
390 
450 
390 

510 
420 
610 
420 

360 
240 
330 
240 

450 
390 
450 
390 

450 
330 
420 
300 

210 
150 
210 
150 

420 
300 
420 
330 

450 
330 
450 
330 
150 
120 
180 
120 

450 
330 
450 
330 


0.( 
O.t 
0  ( 
0  ( 

0.( 
0.( 
0.( 
O.i 

0.( 
0.( 
0.< 
0.( 

0.( 
0.( 
0.( 
O.C 

0  C 
O.C 
O.C 
O.C 

0  0 
0  0 
0.0 
0.0 

0.0 
0.0 
0  0 
0.0 

0.0 
0.0. 
0.0 

o.o; 

0.0^ 

o.o; 

0.0-t 

o.o:* 

0.01 
0  01 
0  01 
0  01 

0  04 
0  03. 
0  04. 

0.03; 


•  Tests  by  W.  F.  Sullivan,  Pennichuck  W.  W.,  Nashua,  N.  H..  Sept.  1,  1914.     See  Jl.  N.  E.  ^ 
Assn.,  Dec.  1914. 
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Table  171.    Water  Consumption  in  Foreign  Cities  * 

Information  mainly  from  correspondence,  July,  1913 


City 


a 
real 


Population 
supplied 


I 


et 
•J 

Q. 

et 
c 


13  V 


o  a 


ito 


600,000 


425,000  i  118 


22.5 


)uver 125,000     173        


ipeg 

America 
OS  Aires. 


evideo . 
aniero . 
*aulo . . . 
Britain 

St 

ingham. 

in 

3urgh. . 
:ow .... 


225,000 

1,252,000 
175,000 
363,000 

1,000,000 
332,000 

400,000 
852,000 
307,000 
450,000 
1,135,000 


pool 914,000 

I 
f)n 6,677,000 


'hester 1,400,000 


jrn  Europe 
erdarn .... 


jels .... 
nhagen 
len .... 


(North  of 

566,0(K) 

2,063,000 


312,000 
476,000 
555,000 


le 292.000 

burg 977,000 

599.000 


ig.... 
ow .  . . 
igrad  . 
jrdam 


2,018,000 
441,000 


56 

35 
57 
11 
60 
63 

48 
32 
46 
56 
76 

42 

43 


36 

5[>»Ut.) 
26 
35 


25 
33 
30 
20 

37 
19 


:holm '     .376,000 

aw 750,000 

?rn  Europe 

ns 

,  Pest 

va 


188,000 
910,000 
131,000 
rid 570,000 


38 
29 

27 
25 

34 

58 

217 

84 


100.0 

None 

100.0 

10.0 


20.0 
33.5 
22.0 
25.0 
27.6 

30.0 


100.0 


100.0 
45.3 
72.4 
50.0 

97.3 
87.0 
100.0 
86.5 
27.5 

52.0 
87.0 

None 
39.3 
!  83.0 
25.0 


Year 


153(a)  ,  10.0     1912 


1911 
1912 


1913 
1913 
1913 
1912 
1912 

1912 
1913 
1909 
1912 
1913 

1912 

1913 


40.0'  1913 


1911 
1911 


1911 
1913 
1911 
1912 

1912 
1912 
1911 
1913 
1912 

1912 
1912 

1913 
1912 
1912 
1913 


a 
.3 

0, 

a 

9    . 

6b 


Remarks 


80.4 


50.3 
21.6 


1912 


(a)  Municipal;  30% 
supply  from  private 
sources,  104  gal.  per 
capita  per  day. 

All  but  domestic  sup- 
plies metered. 
Large  %  metered. 


43.3 
10.0 
4.1 
59.8 
21.2  50%  services  metered. 


Estimated. 
Private  company. 


19.2 

26.9 

14 

25 

86 


1 
2 
5 


38.8 
28.4 


50.4 


15.0 
70.0 


7.8 
15.6 
16.6 

5.9 

36.0 
11.4 
18.5 
76.0 
12.6 

10.0 
18.6 


Water  area  extends 
beyond  city. 

Exclusive  of  24  mgd. 
from  private  sources. 

23 . 3  %  of  revenue 
comes  from  metered 
8er\Mce8. 

Water  area  extends 
beyond  city. 


25%  supplied  pri- 
vately; 92%  of  public 
supply  metered. 


Some    private    sup- 
plies. 


Many  private  indus- 
trial supplies. 


6.3!  Supply    inadequate. 
53 . 2  , 
28  4 

47.8    Of  which  3%  is  pri- 
vate. 


Qtinucd  on  next  page. 
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Table  ITL    Water  Cos 


mpttoa  In  VorrigK  CIttM.— (CoNltetMf } 


tt 


Venice 

Vieana . 

Afrieo  and  Avttra 
Alsxandria.. 


SSO,000 
615,000 


642,000 
132,000 

2,oes,ooo 


1012 
1912 


100. 0 
66.0 
60.0 


Shanehai 488,000 


Tokio 1,447,000 


70  laqp  1 


Ptirate  wo^a.  Nt- 

tJTM  take  water  f  ran 

hrdranti. 

PopuUt' 

30.7% 

metered. 

20.796 

metered. 

Some  private  av 
pliea.  18.2%  0- 
vices  roetCKd. 


Population,  1910 
French  aetUenmit 
supplied  by  priv»tf 
woAb,  14.13%of«WT- 
ices  metered. 


Table  11 


12     I  27.1     1912     46.0 

it  not  vvrn  becaiUK  reidily  kTUbUa  in  oUwc  pobiMti"' 

Flow  of  Sink  Faucetaf 


'.  F.  Siillivin.  PcDoichuck  W.  W.,  Nubu*.  N.  H..  Srpt.  1, 1914.     8m  JL  N.B.  W.W, 
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m 
TftUvlTS.    T«lodtrthnMighVailo«ui81»4P|pM,FMtpw8wond.* — (CmMwiJ) 


^r 


-. 

~ 

,' 

Jo^ 

i&'y 

A 

t 

C«rr«t 

id 

*     -7 

■-- 

9 

- 

^ 

U- 

.sSi 

f*1 

~^ 

■ — 

^ 

•H 

» 

a 

•f 

of  «!.  801, 

which  ubued 

so  e  on  ft  lengtb  i 

9  curve  and  Un- 

I  gent   of   SO 

I  di&ms.    WhJl 

i!  iR  loss  (tf  besd 

"S  in  a  4"  quarW 

I  'bond;   radius 

cun-ature- 

JetersT  On 
r  i  g  h  t-h  a  n  it 
scale,  Fig,  309, 

Len^h  of  Curvein  D'-aniefn  otart    ati 

FiQ,  300. — ^I»89  of  head  in  pipps  at  quarter  beads.  ,     ,  ii 

*^*^  move  to  le" 

to  Btraight  lino  (Lengtii  of  curve  =  6.5  ±  diams.),  move  up  to  curvwl 


I  ofcun-a 
e  16"  =  4 


line  and  read  2.fi  on 

left-hand  scale 

46.    Now/, 

p-  C.  -  C./2.6. 

TateC. 

as  120  for  clean  e.  i 

pil>e;  HO  r,  - 

Sff  _  8  X  32.2 
"  C',          46* 

-  0.1?i 

h  =  T(i/4.    Low  of  head  on  curve,  h 

0.122rdr'     „„,„    1' 
4ix2,     -»•<«»'.,■ 

0.0942  Y-    Tliis  los 

8  is  commonly 

taken  at  0.15 

•io 

Trrntue  on  Hj.dr.uli«,  IBll.  p.  314 

I.foi-'' 

(ino  by  Churrb  (M«h. 
nmchooBfiuion. 

«.  of  En,-.-),*- 

•'i^-'-¥, 

*—• ' 
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ruble  171.    Head  Roquired  to  OTflrcome  Re^tUuce  in  Cireular  bends  of 
90°,  ExcludTe  ) 

-  bend  of  Im  Ihaa  M*.  of  dceree*  of  bend 


Table  ITS.    Hydrmullc  Elementa  of  Circular  Pipes,  Part  Full 


For    wetted  perimeter    • 
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GENERAL  FORMUU^'  FOR  FLOW 

Chezf  formula,  see  p-  265. 

"Long"  and  "Short"  Pipes.  Be  careful  not  to  take  from  tables  or  for- 
mulas [or  "long"  pipes,  discharges,  etc.,  for  pipes  of  insufficient  length  to  be 
classed  as  "long."  In  such  cases  use  formula  for  "short"  pipes.  Q  » 
CA  y/2gh-  Q  =  discharge,  efs;  A  =  area,  sq.  ft.;  g  =  acceleration  of  grav- 
ity; A  =  head  on  center  of  pipe,  ft.  Coefficient  C  varies  with  ratio  of  pipe 
diam.,  d,  to  length,  I;  if  ^  =  1,  C  =  0.62;  t  =  3,  C  -  0.815;  ^  =  25,  C  = 
0.71;  J  -  100,  C  =  0.55.  To  be  "long,"  a  pipe  should  have  length  in  ei- 
cess  of  500  diam.;  if  length  is  less  than  50  diam.,  pipe  is  "very  short."  See 
also  p.  556. 

Table  177.    LeMt  Lvngths  of  Rpes  Considered  "Long" 


Boaton  Fonnulas  for  Service  Pipes: 

S  -C,V  Q '     V  =  (//R'Sl     0  =  , 
Kind  of  pipe  C/ 

Copper  and  lead,  0.00003 

New,  uncoated  cast  iron,  0.00005 

Old  cast  iron,  small  tubercles,  aOOOOd 

Old  cast  iron,  large  tubercles,  0.00015 


of  squares  and  cube  roots  of  numbers. — (Boaton  W. 


Use  Table  176  and  tables 
W.  Data  Bk.,  1895.) 

Foss  Formula: 

S  =  0,0"^ 

8  =  Fric.  head  per  ft.;  C/  =  coefGcient  varying  with  roughness  and  diam.;  Q 

'    =  discharge  in  cu.  ft.  per  sec.     With  Q  or  diam.  in  ft.  given,  find  QV  or  C/ 

from  Tables  180  and  178,  or  vice  versa.     Two  of  the  quantities,  S,  QV"  and 

Cf  being  known,  third  can  be  found  by  multiplication  or  division.     Values  of 

C/  •"  (  '~ni — )  in  Table  178  are  for  coated  new  cast-iron  and  riveted  steel  or 
Table  178.    Fobs  Coefficients  for  Flow  of  Water  in  Pipes 


Dl«m..I> 

Dia 

m.D 

to. 

ft. 

in. 

ft. 

2.00 

0.0000203 

6 

0.50 

0.0208 

30 

2.60 

0.0000067 

8 

3.00 

0.0000027 

10 

0.83 

0.00162 

40 

3,33 

0.0000016 

12 

1.00 

0.00065 

42 

3.50 

0. 0000013 

4.00 

0.0000006 

20 

1.67 

0,0000506 

556 
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TflUe  in.    mOtOlm  of  Kattef^s  m 


Kmum'Bn 

1 

0.009 

0.05 

0.010 

0.80 

0.011 

1.00 

0.012 

1.25 

0.013 

1.50 

0.015 

1.90 

0.017 

2.50 

(Kattcr'sii 
cnculftr 
fppttB  of 
C,  by 
Table  179. 
forflov  in 
on  p.  205. 


Tabto  180.    Valves  of  QV  (^omi  focnde) 


flowing  foD 
O.OII).    For 


multiplly 
nmnbcf  in 
Foes'  formob 

ISglfCII 


Q 

cv      1 

Q 

qV 

Q 

ov 

!    <' 

qv 

0.01 

0.0002 

0.28 

0.097 

1.4 

1.85    1 
2.10 

8.0 

45. 

0.02 

0.0008 

0.30 

0.110    . 

1.5 

9.0 

56. 

0.03 

0.0016 

0.35 

0.146    ; 

1.6 

2.37    1 

10.0 

68. 

0.04 

0.0027 

0.40 

0.18 

1.8 

2.94 

11.0 

81 

0.06 

0.0041 

0.45 

0.23      ] 

2.0 

3.56 

12.0 

95. 

0.06 

0.0057 

0.50 

0.28      i 

2.2 

4.24 

14.0 

126. 

0.07 

0.0076 

0.55 

0.33 

2.4 

4.98 

16.0 

161. 

0.06 

0.0097 

0.60 

0.39      1 

2.6 

5.76 

18.0 

200. 

0.00 

0.0121 

0.65 

0.45 

2.8 

6.6 

20.0 

242. 

0.10 

0.0146 

0.70 

0.52      ■ 

3.0 

7.5 

22.0 

289. 

0.12 

0.0205 

0.75 

0.59 

3.5 

9.9 

25.0 

365 

0.14 

0.0272 

0.80 

0.66 

4.0 

12.7 

30.0 

511. 

0.10 

0.0347 

0.90 

0.82 

4.5 

15.8      ! 

40.0 

865. 

0.18 

0.0431 

1.00 

1.00 

5.0 

19.1 

60  0 

1,819 

0.20 

0.052 

1.1 

1.19 

5.5 

22.8 

80.0 

3,083 

0  22 

0.002 

1.2 

1.40 

6.0 

26. 

100.0 

4.641 

0  24 

0.073 

1.3 

1 .  62 

7.0 

35. 

200.0 

16,540 

0  26 

0  085 

' 

1 

1 

1 

tb 


(W.  K.  V<mH.  J.  A.  K.  H..  Vol.  13.  p.  295,  Mar.  21,  1894.) 

Friction  Head  in  Long  Pipes.     For  a  steady  flow  of  water  in  stationary, 

rigi(i  cylindrical  pii)Ofl,  the  loss  of  head  due  to  fluid  friction  is  convenieatVv 

4/L  V^  { 

expressed  :Jf/=-  L;^  —  where  L  Is  the  length  on  slope,  D,  the  internal  dianc^-  ^^ 

the  pipe,  V  the  mean  velocity  (component  parallel  to  axis  of  pipe)  of  the  t^^ 

ticlert  of  water  passing  through  any  given  cross-section  (generally  about  8^  V^ 

cent,  of  the  velocity  of  particles  near  the  center  of  the  section),  and/  = 

cocfligient  of  fluid  friction.*    Results  from  Fig.  322  differ  but  slightly  f 

Metcalf's  "Diagram  D"  (E.  R.,  June  20,  1903);  see  also  p.  317,  Fig.  568 

general  use  with  new  cast-iron  pipes,  based  on  the  Hazen- Williams  form 

ti 

(mean  vc'locity)  V  =  71.60DiVu  «iVo,  in  which  s  =    ^-.    According  to  ^ 

calf,  ///,  for  old  and  tuberculated  pipe,  for  a  given  mean  velocity  =  it 
that  given  by  the  diagram  for  clean  cast-iron  pipes;  for  a  given  friction  h 
the  velocity  from  the  diagram  for  clean  cast-iron  pipe  must  be  multiplied 
II  U)  give  velocity  for  tuluTCulated  pi|)e.    Similarly,  Metcalf,  for  rive    "^ 
pi|)e,  finds  that  ///  from  diagram  for  clean  cast-iron  pipe  must  be  multiple  ^^ 

•  Valum  of  /  vmrying  with  D  and  V  are  (iven  in  *'  Mechanic!  of  Engineerinc"  (I.  P.  Chn.^'^^ 
and  eltewhcre. 
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m  for  the  same  diam.  and  velocity;  or,  conversely,  the  mean  vdocity 
m  the  diagram  for  clean  cast-iron  pipe  must  be  multiplied  by  H- — (I.  P. 
urch,  Hydraulic  Motors,  1908.) 

General  Form  of  Equation  for  Pipe  Friction.  A.  V.  Saph  and  E.  W.  Scho- 
(T.  A.  S.  C.  E.,  Vol.  51,  1903,  p.  257)  investigated,  by  logarithmic  plotting 
.he  observed  loEses  of  head  with  the  corresponding  velocities,  experiments  in 
ich  the  velocities  ranged  from  a  fraction  of  a  foot  per  sec.  up  to  44  ft. 
eir  own  experiments,  almost  800  and  including  23  kinds  of  pipe  and  hose, 
ered  velocities  from  0.1  to  22  ft.  per  sec.  In  all,  and  especially  in  those  of 
)wn  accuracy  in  all  measurements,  the  logarithmic  plottings  yielded  straight 
•s;  the  slopes  of  these  lines  differ  considerably,  or,  in  other  words,  the  losses 
lead  vary  as  powers  of  the  velocities,  but  whatever  the  slope  of  the  line,  each 
«  appears  to  have  a  definite  law,  expressible  in  the  form,  Hf  =  MV".  M 
1  n  are  constants  for  a  given  pipe  in  a  given  condition  for  all  velocities.    For 


Via.  310.— Flow  of  Water  in. pipes,  0.2"  to  100. 
ph  sod  Bchodcr'i  diHirsin*  [educed  by  |i[otiini  to  logarittamic  acale  dutsnwa  icaled  from  tbair 
log.  dikitmn.) 

>M  pipe,  representing  extreme  smoothness  and  ideal  conditions,  M  = 
.  i( .  M  IS  in  feet  per  thousand,  and  D  in  feet.  (See  Fig.  310.)  Using  the 
3ragcvalueofn  there  results, ///  =  -sjsil"".  ///,  is  in  feet  per  thousand. 
th  the  maximum  variations  in  the  valueof  M  of  approximately?  percent,  each 
y  from  this  equation,  the  loss  of  head  in  extremely  smooth  pipes  laid  straight 

ff/  =  ji,  jj  V  "  ±  7  per  cent.;  whence  V  =  104  s"  "  D""  ±  4  per  cent., 
using  hj'draulic  radius,  R,  V  =  279  s""  fl""  ±  4  per  cent.  8  =  hydraulic 
pe  in  feet,  per  foot  of  length.  In  these  expressions,  lemperatnre  effect  has 
t  been  included;  its  effect  is  to  vary  the  loss  of  head  about  4  per  cent,  for 
hange  of  10°  F.  Owing  to  the  uncertainty  regarding  the  effect  on  the 
igher  pipes  used  In  practice,  its  insertion  might  be  misleading.  For  Noble's 
■in.  wood  pipe,  p.  571,  M  =  ji^^^  ■     The  variation  in  n  will  be  considered 

from  1.82  to  1.99,  and  the  general  formula  becomes  ^/  =  ;^^.Tt^''■"""■'*' 
■  54.7to38.9  «•■"'""■'•;  D"-"""-"  =  142  to  93  s"-"  "■"■"  fi""  "  "■"■ 

•T.  A.  8.  C.  E.,  Vol.  SI.  1003,  P.  XI. 
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^  This  -formula  gives  sma/fer  discharge   than  fftaf 
of  Darcu  rrhtch  was  derired  for  nrtr,  clean  and 
sf rata  hi  pipes.  Discharges  from  fh/s  diagram,  ^ 
ranging  from  OS  ho  SO  per  cenf.  of  those  bg  Dantf) 
formula,  are  nearer  actual  from  pipes  in  use,  laid 
under  usual  conditions.  • 


(This  formula  agrees  closelg  rrrlh  experiments 
on  pipes  in  use,  less  than24inch€s  diameter,  but 
gives  tooima/l  discharges  for  old  pipes  larger 
than  24  inches  under  ordinary  conditton^ 
of  foulness,  -  for  correction  tee  Fio.  SI  2. 


(Fred  F.  Moan.) 

Fig.  311. — Flow  in  Cast-iron  pipes.     Box's  formula. 

(See  aUo  Turneaure  and  Russell,  "Public  Water  Suppliea.") 
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for  amootli  pipe,  and  proves  in  error  conclusion  (1) ;  as  long  aa  the  pipe  renui 
smooth,  n  does  not  change.— (T.  A.  8.  C.  E.,  Vol.  49,  1902,  p.  156.) 

Effect  of  Condition  of  Pipe  on  Friction  Head.  Text-books  make  the  gener 
statement  that  the  friction  head  in  pipes  varies  nearly  aa  the  square  of  tli 
velocity.     Researches  indicate  that  this  exponent  varies  between  1.75  and  2.01 

Based  on  formula  u  ■-  , 7— - 

Factor  of  pipes  of  greatest  resistance  X  length 
Factor  of  pipes  of  least  resistance  X  length 
y  —  Coefficient  by  which  /,  must  be  multiplied 
t9  obtain  factor  of  equivalent  pipe. 


Fio.  ;!i:i-  -Equivalents  of  piiraMM  piiies.     (F.  V.  Moore.) 
Hy  mcnn^  of  tlii-  .tinxmrn   for  ilHcrmiriiiiii,"  i>iiuivii1rii(a  of  pnrillrl  pines."  the  diirhiriii 

Biililit.y  lothcpuitit  III  dii-c'liarm'.  Thia  i'.nrcuiuululinl  1,y  i-uiMTnivi'ly  sunihinlilR  h  il>-rirF<l  •<iuiw 
j)>r<  i'.|iiiviil"i>tH  iim-t  In-  K>  iiilrf-l.-d  with  rVfni'n™  to  Ihn  pliyH''^!  ruiiJiliiiiw  (hsrVotsI  l.ifl*-^ 
BBiii"  iKiiiil  in  iL  .lihlril,uli.m  -y-li-in;  n  10-in.  O.OOO  ft'.  !<iim'an<l  ijii  18-in.  10,000  ft.  li.nff  ■» 
1i>n(  rmiil''  i.ip.''llU>IIOft.  l<.iii[.    Fi.rin<B.tcaiiniof  pi|>win  iw  tb"  fuctorB  fi.t'"'oldy(>o'''^»SKi' 

/i  X  I'lmthinlhrniaiinrl^nl  fn-t  9.53   {frnm  taW*)  x  « 

/."x  IcnWhii.  tlioqwndsnrfi^t   "    O.SH  Ifrom  lnhle)  "X  10   " 
»  (foil  -  J 13)  -  (inm  (fmmHiiigrum);0.5Dl  X  0.504  -  0.209,  which  ii  the  fmflor  lor  ■  »-i". 
,.ipo(u™!y). 
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Hundreds  of  Feet  cpf   Pipe 
FiO.  315.— Flow  from  8-ih.  c.  i.  pipe,  Box'a  formula.     (Geo.  W.  Booth.) 


Fiu.  3ie.— Flow  from  12-in,  c.  i,  pipe,  Box's  formula.     (G.  W.  Booth.) 
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Table  182.     Service  Pipes — ^Approximate  Quantity  Delivered. — (Continued) 


Diaiii. 


m. 


1 

1! 

2 
2* 

3 
4 
5 
G 


11 

2 
2» 

3 

4 
5 
6 


1 

u 

H 

2 
2§ 

3 
4 

5 
(> 


DUm. 


ID. 


///-L 


cfps 


>ffpm 


£pd 


Uf~\L 


///  -  iL 


cfps 


gpm 


gpd 


cfpa 


cpni 


spd 


0.0140 
0.0243 
0.0383 
0.0786 

0.1375 
0.2170 
0.445 
0.778 

1.238 
2.524 
4.403 
G.042 


6.3 
10.9 
17.2 
35.3 

61.7 
97.4 

200. 

349. 

560. 
1130. 
1980. 
3120. 


9070 

0.0120 

5.4 

15700 

0.0212 

9.5 

24800 

0.0332 

14.9 

60800 

0.0682 

30.6 

88800 

0.1192 

63.5 

140000 

0.1878 

84.3 

288000 

0.386 

173. 

503000 

0.674 

302. 

800000 

1.063 

477. 

1632000 

2.182 

980. 

2845000 

3.812 

1710. 

4187000 

6.000 

2690. 

7780 
13700 
21500 
44100 


0.0098 
0.0172 
0.0272 
0.0657 


77000  0.0974 


121000 
249000 
435000 

687000 
1410000 
2464000 
3878000 


0.1531 

0.315 

0.650 


4.4 

7.7 
12.2 
26.0 

43.7 
68.7 

141.. 

247. 


0.869  390. 
1.784  800. 
3.106  1390. 
4.911  ,  2200. 


6340 
11100 
17600 
36000 

63000 

99000 

204000 

356000 

562000 
1153000 
2007000 
3174000 


///  -  \L 


tif  -  \L 


II f  -  4L 


0.0080 

1 
3.6 

0.0140 

6.3 

0.0221 

9.9 

0.0455 

20.4 

0.0793 

35.6 

0.1252 

56.2 

0.2.'>71 

115. 

0.449 

202. 

0.708 

318. 

1.457 

650. 

2.542 

1140. 

4.008 

1800. 

5180 

9070 

14300 

29400 

51300 
80900 
166000 
290000  I 

458000 

941000 

1643000 

! 2591000 


0.0069 
0.0123 
0.0192 
0.0394 

0.0688 
0.1085 
0.2228 
0.389 

0.615 
1.262 
2.201 
3.471 


4460 

7920 

12400 

25500 

44500 

70100 

144000 

251000 

397000 

815000 

1422000 

2244000 


0.0062 
0.0107, 

0.0172; 

0.0352 


2.8 

4.8 

7.7 

15.8 


4030 

6910 

11100 

22800 


0.0615 

27.6 

39700 

0.0978 

43.9 

63200 

0.1092 

89.4 

129000 

0.348 

166. 

226000 

0.550 

247. 

365000 

1.129 

510. 

729000 

1.968 

880. 

1272000 

3.084 

1380. 

1993000 

• 

//,  -  \L 


Ht  =  kL 


///  -  iL 


0.0058 

2.6 

0.0008 

4.4 

0.0156 

7.0 

0.0321 

14.4 

0.0561 

25.2 

0.0887 

39.8 

0.1818 

81.6 

0.31S 

143. 

0.502 

225. 

1.032 

4ft;r 

1.797 

8<Xi. 

2.834 

1272. 

3740 

6340 

10100 

20700 

36300 

57300 

11H0(H) 

205000 

324000 

667000 

1161000 

18.32000 


0.0053 
0.0091 
0.0145 
0.0299 


2.4 

4.1 

6.5 

13.4 


0.0519  23.3 

0.0820'  36.8 

0.1684  75.6 

0.2941  132. 


0.465 
0.954 
1.664 
2.625 


209. 

428. 

750. 

1180. 


3460 

5000 

9360 

19300 

33660 

53000 

109000 

190000 

'  300000 

616000 

1075000 

1696000 


0.0049 
0.0087 
0.0136 
0.0279 

0.0486 
0.0766 
0.1575 
0.2752 

0.435 
0.889 
1.556 
2.455 


2.2 

3.9 

6.1 

12.5 


3170 

6620 

8780 

18000 


21.8  31400 

31.4  1  49500 

70.7;  102000 

124.  178000 


195. 

399 . 

700. 

1100. 


281000 

575000 

lOO(MXX) 

1587000 


///  -  IL 


lit  -  A^ 


cfpa 


gpm 


Kptl 


cfps 


Kpra 


KpJ 


///  -  AI* 


///  -  Ai^ 


cfps 


gpm 


gpd    I    cfpH     gpm 


gpd 


1 

it 

2 
2} 

3 

4 
5 
6 


0.0047 
0.0080 
0.0127 
0.0263 

0.0450 
0.0724 
0.1484 
0.2593 

0.410 
0.841 
1.467 
2.315 


I 


2.1 

3.6 

5.7 

11.8 

20.6 
32.5 
66.6 
116. 

184. 

378. 

660. 

1040. 


3020 

5180 

8210 

17000 

29700 

46.S(M) 

9")9(K) 

168000 


0.0045 
0 . 0078 
0.0120 
0 . 0250 

0.0434 
0.0686 
0.1408 
0 . 2460 


265000,0.389 

5^n(K)()'0.7«S 

948(KM)  I  .  392 

1496000.2.  196 


2.0 

3.5 

5.4 

11.2 

19.5 
"  30.  S 

63 . 2 
110. 

175. 
358. 
620. 
900. 


2880 

5040 

7780 

16100 


0. 00271  1.2  1730 

0.00491  2.2  3170 

0.0078  3.5  5040 

0.0156  7.  10100 


28100  0.0290 
44400  0.0468 


91000 
150000 

251000 

516000 

900000 

1419000 


0.1003 
0.1772 

0.2896 


13, 
21, 
45, 
80. 

130. 


18700 

30200 

64800 

115000 

187000 


I 


0.0018 
0.0033 
0.0049 
0.0111 

0.0201 
0.0312 
0.0668 
0.1203 


0.8 
1.5 
2.2 
5. 

9. 
14. 
30. 
.54. 


0.2005  90. 


1150 
2160 
3170 
7200 

13000 
20200 
43200 
77800 

130000 


566 


WATERWORKS  HANDBOOK 


'-els* 

•   !-*•_• 

a;  ^J^m' 

-    ■«• 

I  "tg 

s  sS 

•  s  ' 

8  " 

s  •  • 

•  ••  • 


=c   • 


S 

o 

08 

s 

i 


a 
o 

» 
o 


a 


I 

d 

n   s 

o 

•2    I 

o     " 


CO 
CO 


f^. 


a 


■  I  I  I 


6     e 

(OOQS 
I  I  I  I   I 


S 


il 


c    M     s«    e» 


n    S 

•  • 

•^   c 

PS 

I   - 

30 
•3 

ae 

«    I 

S   • 


a   ^ 

S     *   o 
O  ^  »^ 


.3 

2     I 


o    « 


:-l^ 


X     -5« 


6C 


O 


2    I 


o 


rta 


o 


S 

00 


d 


e«  I 


c« 


s 


a>  I  o 


S    8 


O    I  -• 


i 


00 


s 

d 


00 


CO 


o 

s 

d 


?2 


00 

3 


o 

Z2L 


s 


o     o 


00 


o     o 


•^ 

00 

MB 

• 

o 

d 

3 

• 

00 

• 

CO 

s 

00 

i 

d 


s 


o 


O 


_o_ 


C«l 


s 

1^ 


eo 
d 


« 


C4 


% 


CO 


o 
d 


s 


o 

CO 


o 


o 


d 


c^ 


o 


o 


bC 

o 


o 


n 


o 


o 


J2 


--    S 


CSI 

OO 


w 


CO 

d 


CI 


O        «D        CI 
-*       "-i       c« 


Ok 


CO 

c« 


o 
oc 

CO 


OO 

ca 

wm 

CO 


9 


CO        « 

ct      ^ 


M      I     M      I     M 


s 

3 

CO 

s 

*M 

S 

CO 

CO 

00 

d 

d 

o 

CO 

d 

^^ 

^' 

c< 


o 

C« 


d 
eo 


40 


s 


0»     I    CO 

5  IS 

C4     >    00 


3 

«3 

CO 
CO 

1  o» 

*H 

■♦■ 

00 
CI 
00 
CO 

i 

<-« 

^^ 

»^ 

^« 

M 

r- 

1 

r^ 

•-H 

CO 

o 

8 

5 

CI 

o 

CI 

d 

•-< 

^      « 


C" 
C 

o 


9. 
I 

«n 

aci 
O 


OS 

'9- 


• 

^H 

>. 

It 

-o 

:a^ 

«• 

•n 

• 
a 

«S 

c 

•- 

(9 

h 

e« 

u 

a 
o 

J 

00 

S^ 

(K 

«^^ 

-3 

85 

a 

cT  . 

^ 

^ 

tc^ 

c 

eS 

k 

J3 

J« 

c 

.2 

C<K   1 

o 

.2"^ 

O 

Q 

Q 

B 


I  .. 


-*!►*( 


CI 


CO 


s 


C4 

s 

d 


I 


0 


I 


4> 

a 


o 


U< 


CO 

I 

:^ 

C 
ft* 
Q. 

"cS 

60 

* 

60 


•a 


a 
o 


HYDRAULIC  COMPUTATIONS 


567 


g 

o 

9 


I 

d 
« 

n 

M 
CO 

o 

a 
o 


eo 

00 


J 


WATERWORKS  BAHDBOOK 
T«bl«  189.    VrictlOB  I^im,  Husn-WIIlUna  TonntiU. — (CfmrlmdtJ) 
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Fio.  317. — Rate  of  variation  of  certain  factors 


Hawn- Williams  fonnul*. 

30.  IM3.) 


Flaw  CoefficiejUa  for  a  Large  Catt-iron  Main.  Teats  on  the  30-iiL  anil  3S- 
in.  Fiaher  Hill  force  main,  Boston,  laid  in  1887,  5470  ft.  long,  with  vrioeitiea 
from  2.52  to  2.M  ft.  per  sec.,  gave  valuea  of  Cheay's  C  from  lOfi  to  1I7> 
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Compiled  by  Engineering  Bureau,  BoMd  of  Wstfr  Supi^y,  New  York. 

1894,  incidental  toancngine  test  lyr.  later,  (7  =  136.fi  (or  V  -4.7;  whenlJw 
pipe  wan  2  yra.  old,  the  following  values  of  coefficients  were  obtained: 


r  tt. 

per  sec. 

1.1 

1.5 

2,0 

2.2 

-« 

3.1 

3.5 

3.7 

4.3  1  *.S 

n 

0.0116 

0.0121 

0.0123 

0.0125 

0.0125 

0.0127 

0.0127 

0.0127 

O.012ffi0.0l3' 

C 

117,0 

114.9 

U4.9  |ll3.3 

113.7  |ll3.5 

113.7 

113.7 

113.0  ii»j 
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Flow  in  Spiral  Riveted  Pipe.  Experimeots  by  E.  W.  Schoder  at  Cornell 
showed  the  carrying  capacity  for  4-iii.  and  6-in.  spiral  riveted  pipe,  to  be  6 
per  cent,  in  excess  of  new  cast-iron  pipe,  of  the  same  nominal  diam.;  per- 
haps explainable  by  the  fact  that  spiral  pipe  is  made  full  diam. 

FLOW  ra  WOOD  PIPE 

Poimulas.  From  experiments  by  E.  A.  Moritz  (Trans.  Am.  Soc.  C.  E., 
Vol.  74,  Oct.,  1911)  OQ  the  flow  in  wood  pipes,  R,  G,  Dieck  concludes  (1) 
Kutter's  n  for  wood  stave  pipe,  continuous  or  jointed,  increases  with  a  decrease 
in  velocity  (varies  inversely  with  some  power  of  the  velocity);  for  practical 
purposes  its  value  lies  between  0.0100  and  0,0110.  (2)  There  is  no  great  neces- 
sity for  altering  the  Kutter  formula. 


Verotity  Heod.H, 

Fio.  320. 

(T.  A.  8.  C.  E.,  Vol.  48,  1902.  p.  133.) 

NoWe'B  Experiments.  (Trans.  Am.  Soc.  C.  E.,  Vol.  49,  1902,  p.  163.) 
Author's  conclusions:  (1)  Within  the  range  of  these  experiments,  from  14-in. 
to  72-in.  pipes,  and  between  friction  heads  of  0.2  to  2  ft.  per  thousand,  the 
friction  head,  H/,  varies  with  the  square  of  the  velocity.  (2)  The  velocity 
Varies  as  some  odd  exponent  of  the  diam.  In  three  out  of  four  experi- 
ments, this  exponent  is  very  nearly  j-^^"     (3)  The  formula  which  conforms 

Very  closely  to  three  out  of  four  experiments  is  V  =  1.7C  D'"?!  y/fij±b.*  (4) 
This  formula  will  probably  give  results  within  2  per  cent,  of  true  values. 

it  <^_>ii»ll  value,  probibly  due  Id  ruatei  mentianed  by  Prof.  MerriniaD:  Tha 
Td,  H,'-b,  which'JorrMc.n'd.  to  tfe  mtta  velocity,  V.    The  probmbl* 


aiwotity.  b,  ft*  K  teautive  >iypotheBii,'i 


TtiiM*  al  b  nur  be  comi 
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From  Fig.  320  it  will  be  seen  that  the  vdocity  h^ad,  as  comiMred  with 
the  friction  head,  oonforznB  very  closely  to  a  straight  line.  The  evidenoe  ii 
vary  strong  that  a  formula  on  this  hypothesis  is  correct,  as  it  most  nearly  fiti 
the  experiments  so  far  conducted.    If  fT/  ->  friction  head  in  feet  per  1000 

ft.,  Hp  =  velocity  head  -  -«-»  F  «  velocity   in  feet  per  sec.,  values  of 

Hf  and  V  for  the  different  sixes  of  pipe  become:* 


Pipe  diam., 
in. 

14 
44 
54 
72 


17.00  H^  +0.0202 
4.731  ff.  + 0.188 
3.266^^  +  0.08 


1.9468yg/ -0.0202 
3.689SVg7^0,188 
4.4405y^/-0.08 
4. 9232\/^/- 0.0313 


2.657  ff.  +  0.0313 
V  »  CnVpjHfb)  or,  using  hydraulic  radius,  fi, 

-  Cr  y/R(H,-h),  in   which   Cr  «  2C.  as   tabulated  below. 

Table  184.    Coefficient  in  Theron  A.  Noble's  Formula  for  Flow  in  Wood  Pipes 


Sise  f'ipe,  in. 

c. 

6 

1    Siie  pipe.  in. 

c. 

6 

14 

1.80 

i      0.031 

48 

1.98 

0.146 

18 

1.82 

,      0.041 

54 

2.09 

0.080 

24 

1.84 

0.073 

60 

.  2.06 

0.063 

30 

1.86 

0.114 

66 

2.03 

0.047 

36 

1.88 

0.145 

1        72 

2.00 

0.031 

42 

1.91 

0.176 

Values  of  C«  and  h  are  for  pipes  with  smooth  interiors;  further  factor  of 
safety  should  be  allowed,  to  cover  increased  loss  of  head,  when  pipe  may  be 
covered  with  growth  that  may  retard  flow. 

Table  186.    Data  Regarding  Loss  of  Head  in  Wood  Pipes 

Trans.  Am.  Soc.  C.  E.,  1898,  Vol.  40,  p.  512 


Locality                           ^*J°»- 

Vel.  ft. 
per  sec. 

Chesy'B 
C 

Kutter'a 
n 

Experimenter 

West  Los  Angelea  Water      14 
Co. 

0.7 
1.2 
1.5 

102.0 
111.0 
112.0 

0.011 
0.011 
0.011 

A.  L.  Adams 

Astoria,  Ore 18 

3.605 

132.9 

0.010 

A.  L.  Adams 

Butte  City,  Mont 24 

120.0 
130.0 

0.010 

F.  B.  GutilUus 

Denver,  Colo '.\     30 

1 

2.33 

140.0 
150.0 

0.0096 

J.  D.  Schuyler 

Ogden.  Utah 72 

1 

0.53 
1.48 
2.69 
3.65 

69.0 
115.0 
120 . 0 
123.0 

0.012 
0.015 

Marx,    Wing  wd 
Uoakins 

The  simplest  formula,  as  well  as  the  most  exact  for  such  pipes,  is  of  the 
form,  ///  =  m  V",  where  ///  is  the  loss  of  head,  and  V  the  velocity;  m  is  obtainw 

•  T.  A.  S.  C.  E.,  Vol.  49,  1902,  p.  136. 
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directly  from  the  l(^^ithmic  plotting  by  noticii^  the  intercept  on  the  line 
for  V=l;  n  is  equal  to  the  slope  of  the  line  drawn  through  the  plotted  points. 

Table  180.    Values  of  Ht  tot  i  Pipes  in  Kg.  820 

(Derived  by  lo(.  plnttiDf  of  obMrntioDs) 

Diam.,  in.  H/,  per  1000  ft. 


14 

0.300    V 

44 

0.125    V 

54 

0.0815  V 

72  (1897) 

0.062    V 

72  (1899) 

0.048    V" 

2.09  (seamless 

2.62      V 

drawn  brass  pipe) 

(E.  W.  Schoder,  T.  A.  S.  C.  E,  Vol.  49,  1902,  p.  US.) 


Average  VelocH-y  of  [)i&chorg(;Ft.perSec. 

Pio.  321. — Relation  between  velocity  and  friction  head  in  pxperimenW  on  wood 
atave  pipe. 

3otid  linn  are  plotted  trom  tabulstnl  [armulu.  p.  SIT.  dottod  linM,  tram 
r-1.76  D  T-^wil/±b.  p5T1.    Eiaet  dianiPtprnDf  pipes  are  liveD. 

Hydraulic  Tables  Based  on  Kutter's  Formula.  (Pacific  Coaat  Pipe  Co.) 
In  Table  188,  CVfi  and /ICV/S  were  derived  by  assigning  values  ton  agreeing 
closely  with  various  experiments  on  wood  pipe,  varying  from  0.008  for  the 
smallest  size  to  0.014  tor  the  largest;  corresponding  C  =  123  to  97;  and  Cu  = 
100  to  140.  1.  Given  diam.  2  ft.  8  in.,  length  4000  ft.,  and  fall  300  ft.,  to 
find  the  velocity  and  daschai^e.    Slope  =  300  in  4000  =  1  in  13.3.    Substi- 
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tuting  in  the  f ormuU :  V  =  CVA  X  y/l,  the  value  Cy/R  equals  98^  (lUli 
188,  opposite  2  ft.  8  in.)  and  -y/a  =  187,  opposite  slope,  1  ii 

13.2),  velocity  -  27.06  ft.  per  sec.  |i§^^^        the  f«iiiA: 

Q  =  AV,  now  that  V  b  known,  or  the  ACy/RyTi-    In T»bk 

188,  we  find  that  for  diam.  =■  2  ft.  8  in.,  A  -  5.585;  AC--/R  =  549.   549  X 

TaU«  18T.    Valoea  of  V*  f«r  Oiv«n  SopM 


.-ami* 

EHMoa 

V,a.  ft.  p«  mL 

Sop..  1  to- 

-r.     \ 

F»y.  II.  pef 

8l<w.  1  in. 

V7 

1 

5280.0 

0-0137 

43 

122.8 

0.0«B 

2 

2640.0 

0  0194 

44 

120.0 

0.09II 

3 

1760.0 

0.0238 

45 

U7  3 

0.0«33 

4 

1320.0 

0.0275 

46 

114.8 

0-0933 

6 

1056.0 

0.0307    ; 

47 

112.3 

0.0943 

6 

880.0 

0.0337      ; 

48 

110. 0 

O-09S3 

7 

754.3 

0.0364      1 

49 

107.7 

0.0963 

8 

660.0 

0.0389 

60 

105.6 

0.0973 

g 

586-6 

0.0412      1 

61 

103.5 

0.09S2 

10 

528.0 

0.0435 

52 

101.5 

0.099! 

11 

443.6 

0.0456      ; 

63 

M.eo 

O.lOOl 

12 

440.0 

0.0479 

64 

97.77 

OlOU 

13 

406.1 

0.0496      1 

65 

96.00 

0,1020 

14 

377.1 

0.0514 

66 

94.28 

0,1029 

15 

352.0 

0.0533 

67 

92.63 

0.1039 

16 

330.0 

0.0550      : 

58 

91.03 

0,1048 

17 

310  6 

0  0567 

59 

89,49 

0  10S7 

18 

293.3 

0.0583 

60 

88  00 

0.1066 

19 

277.9 

0.0599 

65 

81.23 

O.IIOB 

20 

264.0 

0.0615 

70 

75  43 

0.1151 

21 

251   4 

0  0630 

80 

66.00 

O.I230 

22 

240.0 

0.0645 

90 

58  66 

O.130S 

23 

229  6 

0.0660 

100 

52.80 

0  1376 

24 

220.0 

0.0674 

120 

44.00 

O.1S07 

25 

211.2 

0.0688 

140 

37.71 

0,1628 

26 

203.1 

0,0701 

160 

33  00 

0-17« 

27 

195.2 

0.0715 

ISO 

29  33 

0.19*6 

28 

1S8  6- 

0.0728 

200 

26,40 

0.1946 

29 

182.1 

00741 

240 

22  00 

0.21M 

30 

176.0 

0.0753 

280 

18  86 

O.2302 

31 

170.3 

0.0766 

320 

16.50 

0.2461 

32 

165  0 

0.0778 

360 

14.66 

0.2611 

33 

160.0 

0.0790 

400 

13.20 

0.2752 

34 

155.3 

0.0802 

450 

n.73 

0-2919 

35 

150,9 

0.0814 

500 

10.56 

0-3077 

36 

146.6 

0,0825 

600 

8.800 

0.3371 

37 

142,7 

0.0837 

700 

7.543 

0.3641 

38 

139,0 

0.0848 

800 

8.660 

0.3892 

39 

13.5.4 

0,0869 

900 

6.866 

0.4128 

40 

132.0 

0.0870 

1000 

5.280 

0.43S1 

41 

128.  R 

0-0881 

1500 

3.520 

0,6329 

42 

125  7 

0  0891 

HYDRAULIC  COMPUTATIONS  575 

iQ  gives  a  disch&rgeof  151.1  cu.  ft.  per  sec.  2.  Given  diam.  (8  in.),  length 
)  ft.)  aod  dischari^  (3000  cu.  ft.  per  hr.}.  What  is  theoretical  head? 
cu.  ft.  per  hr.  =  0.833  cu.  ft.  per  sec.    From  Table  188,  opposite  8  in., 

'able  188.    Values  of  .4  and  A,  Cy/R  and  AcVa  for  Wood  Stave  Pipe 
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ACy/R  =  16.92.    Substituting  in  the  formula,  y/~%  =  ,^    /->  -\/a  «  0.0192. 

Referring  to  Table  187,  the  value  nearest  this  is  0.0496,  corresponding  to  a 
fall  of  1  in  406.  By  proportion,  1 :  406  : :  required  head  :  1000.  Head  =  2.46. 
3.  Given  the  available  head  =  250  ft.,  distance  from  the  source  to  point  of 
delivery  =  11,000  ft.  (length),  and  the  required  discharge,  10  cu.  ft.  per  sec. 
What  must  be  the  diam.?  s  =  1/44.  The  corresponding  V^  (Table  187) 
=  0.1507.  Then  AC\/r  =  Q/Va  =  66.35.  Referring  to  Table  188,  the 
nearest  value  is  69.69,  opposite  1  ft.  2  in.  A  14-in.  pipe  will  therefore  be 
required. 

FRICTION-HEAD  DUGRAMS* 

(I.  p.  Church) 

Effect  of  Age.  With  increasing  age  of  service,  cast-iron  pipes  become 
corroded  and  tuberculated  (if  originally  tar-coated,  this  action  may  be  much 
retarded)  which  diminishes  the  discharge  under  the  same  head  (both  from 
increased  roughness  and  diminished  sectional  area).  E.  B.  Weston  recom- 
mends that  friction  head  for  a  given  Q  be  taken  as  16  per  cent,  greater  than 
when  the  pipe  is  new  and  clean,  for  each  5  3ts.  of  age;  that  is,  for  an  a|[e 
of  15  yrs.,  take  as  friction  head  the  value  obtained  by  multiplying  the 
result  given  by  the  diagram  by  1.48. 

Branching  Pipes  Problem.  The  reservoir  R  supplies  W  and  R",  The 
three  cylindrical  pipes  have  a  junction  at ./  (Fig.  325).  When  flow  is  steady 
Q  (cu.  ft.  per  sec.  in  main  pipe)  =  sum  of  Q  and  Q  in  the  other  pipes,  //f, 
W y  and  H" Y  are  the  r(vsp(M*tivc  friction  heads.     The  vortical  drop  AB  \> 

equal   to   (\  A  -\-  ,-;  and  simihirlv  the  drop  CD'  =-  C^- f-  (  ^ i; 

^  2^  J   2(7 '  '  2f7  '  2q       2g 

and  r//'  -  r/-^-  -f  (  \-"  -  I  V     The  depths  L"A*'  and  t'".V"  at  which  i^ 

pip(\s  (lisrharKO  undor  wator  are  immaterial.  There  are  no  nozzles  at  .V 
ancf  A",  that  is,  the  jets  have  the  same  sectional  arejis  and  velocities  a^  the 
water  in  the  nvspective  pijM^s.  In  practice,  the  velocities  in  a  system  of 
pipes  are  rarely  over  10  ft.  per  sec.,  and  the  j)ipes  are  quite  long,  so  that,  it  is 
sufliciently  accurate  to  neglect  the  small  drops  ABj  CD'  and  CD''^  and  con- 
sider that  the  whole  droj)  from  the  surface  of  R  to  that  of  R'  =  sum  of  the 
friction  heads  II y  and  //V;  »lso  the  whole  drop  from  R  to  /?"  =  II f  +  H'f- 
Extiinplc  1.  Determine  the  proper  diani.  for  the  3  pipes,  given  Q'  =  I-^ 
and  Q"  =  20  cu.  ft.  per  sec.  (so  that  Q  nuist  ecjual  33);  L  =  30,000  ft.,  //  = 
10.000  ft.,  and  //'  =  15,000  ft.  The  difference  of  elevation,  R  -  H'  =  <^ 
ft.;  R  —  R"  =  85  ft.  Solution  for  clean  cast-iron  pif>e:  Assume  one  diam. 
or  the  friction  head  II y  of  the  main  pipe;  say  the  latter.  Take  ///-  =  ^ 
ft.  A  steady  flow  is  to  take  place  of  33  cu.  ft.  per  sec,  and  the  frictif^n 
head  is  to  be  at  the  rate  of  J;j  =  1.33  ft.  j)er  thousand  ft.  In  Diacrani 
323.  p.  57s,  the  vertical  line  for  1.33  (interpolating)  intersects  the  horizr.n- 

*  Fi>rin«triicti(>ri.s  on  the  constriK-tion  of  a  lo^tarithinir  diiiKrani  rovcrinR  the  Rcneral  c»k.  *• 
Knu.  Kit..  Sf'pt.  ;<.  1«H)|. 

t  ^'..  =  «'o«'tririrnl  «)f  futry  los*«. 
X  (\  and  C ,  "  it)of!"nient  for  loss  of  licnd  din'  to  olbowi*,  siiddrn  charifEr  of  section,  etc. 


t 

( 


?«"••" 


Vf-'*'"™ 


Fia.  324. — Riveted  steel  pipes. 

see.  (a  pcrmisHihle  value).  Similarly  deducting  Hp  from  85  ft.,  H"f  =  '^ 
ft.,  Vfh'iiih  is  at  the  rat«  of  fj  =  3  ft.  friction  head  per  thousand.  ^''^ 
Q  =  20,  the  diaRram  gives  27,5-in.  pipe,  with  a  velocity  =  5.0  ft.  per  s«. 
'  lip  had  been  assumed  somewhat  greater  than  40  ft.,  a  smaller  diun. 
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^^"^^  Cyfliniuarf.  Qeaa  Iron.  Pipe  iriOt  SoBic;*    "Hie  jet  F%.  327  db* 

''jianpi  inSQ  ^^iie  jir  vith.  Tmocxy  T^  go  be  fbiuuL  Tbe  duun.  of  the  jei  ii2 
LiL :  'if  pipe,  'i  in.  Soiunon:  T.  in  pipe,  is  oni^  i  of  V^  sinoe  the  le^ 
rionai  jreaa  are  in  this    inwsset  rado.    Ftoiil  Beraoallfs  theofem,  fl* 

•'\^*  -  ff?  -h  C,  ^*-^  .^'  T^bati  E  =  90fL  C.  =  0LaO;  C« » 0.05 (rooiMM 

aoizies.  or  eooical  pLi]r  pipe),  fi^  is  made  op  of  4  Xkxbm^  or  headsi  of  iMA 
fhrhoa  lesui  H*?  in  uhe  pipe  is  oot  oeceanrily  s  larige  iton,  becaose  F  is  ami 
<*nmp&n?fi  witli  T,.  Salve  by  Diagram  322  with  soceeaEiTe  trial  vahies  of  mne 
Tinkno wn  quaadty.  smj  V,     First  aarame  T  =  5  ft.  per  aec,  for  which  fridioi 

head  would  be  at  die  rate  of  IS  ft.  per  1000  ft.;  hence,  i7^  =  r^  X  18  » 

28.8  ft.    Since  r  =  5,aniir,  =  »X5  =  -l5,.:=-=  a40  ft.  and  ^  «  31.4 

ft.  Hence,  the  two  snaU  Lcmrs  of  head  would  be  }  X  0.4  =  0.2;  and  A  X 
31.4  =  1.57  ft.  OjI  -  2S.5  —  1.57  -r-  31.4  =  61.97  ft.  (but  it  should  be 
no  ft.\  Sewnd  trial:  Take  T  =  6  ft.  per  sec..  T,  would  be  54  ft.  p»  see^ 
and  the  vpl<wity  head:»  0.5d  ami  45  ft.  lespectiTely;  hence,  the  two  smaD  kflM 
of  head,  0.2S  and  2j25  ft.    Now  6  ft.  per  sec.  in  a  6-in.  pipe  imi^ies  a  frv- 

1600 
tion  head  at  the  rate  of  25  ft.  per  1000  ft.    ThCTefore,  Ew  =  Vqqq  X  25  » 40 


ft.  0.28  -r  40  -r  1^  -h  45  =  S7.53  ft.,  the  diff«ence  between  this  vA 
OO  ft.  18  3o  small  that  6.1  ft.  per  sec.  may  be  considered  final  for  T;  fr« 
which  follow  .55  ft.  per  sec.  for  T,.  and  1.2  cu.  ft.  per  sec.  for  Q.  With  incretf- 
ins^  .^ure  the  ■■il-charze  and  V  would  jcradually  diminish  unless  the  jMpe  were  lop* 
^l*»an.  If  the  entrance  E  were  rounded  slightly,  a  slight  increase  in  Q,  would 
r^'.ilr. 

In.^teiiii  of  diam.  being  given,  what  should  be  its  value  that  80  ft  of  the 

total  W  ft.  may  be  available  to  produce  the  jet  velocitv,  F,?     80  ft  =  «:• 

"  -if 

W  =  71^  ft.  per  sec.  At  E'  the  loss  of  head  would  be  A  of  80  =  4  ft,  while 
that  at  E  may  be  neglected.  This  lea\-es  6  ft.  for  Ey,  which  is  at  the  rate  of 
%.1'i  ft.  per  lOfjO  ft.  A  2-in.  jet  at  71.S  ft.  per  sec.  is  discharging  1.56  cu.ft. 
\^*r  9.f:f',.  From  Diagram  323  a  diam.  of  9.9,  say' 10  in.,  must  be  given  to 
th^;  \}\\tf^  in  Fig.  327.  This  change  of  design  calls  for  a  greater  consumption  of 
wat/rf  n.o6  instead  of  1.20)  but  the  "Kinetic  Power"  (i.«.,  the  kinetic ener|;y 

of  th^jjrtjt  (    -j  X  (  ^—)  will  be  more  than  doubled:  14.2  horsepower  instead! 

of  O.i. 

Supply  to  Turbine  or  Discharge  from  Centrifugal  Pump.  Consider  a  turbine 
Hijppli^.^  through  24-in.  riveted  pipe,  2000  ft.;  suction-head,  10  ft.;  whole  head, 
SO  ft, ;  r-on sumption  of  water  in  steady  flow  limited  to  20  cu.  ft.  per  sec.  From 
Diftgram  323,  V  =  6.4  ft.  per  sec.  and  friction  head  =5.8  ft  per  thousand, 

II  .0  X  J  ^^^  =  15.8  ft.,  drop  in  hydraulic  grade  line,  while  (F*  4-  2^)  (1  +  Oil 

1 .02  ft.  =  loss  at  entrance  of  pipe.     Hence  piezometer  hight  at  entrance 
turhino  is  70  -  (15.8  +  1.02)  =  53.18  ft;  and  vertical  distance  to  tail- 

C«  *  coefficient  of  entry  k>M. 
•  weight  of  wat 
top  of  p.  657. 


2  ■■  weight  of  water,  lbs.  per  cu.  ft. 
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race  =  63.18  ft.  In  computing  efficiency  of  turbine,  63.18  +  (F*  -r-  2^), 
63.86  ft.  must  be  used,  and  not  80  ft.,  since  pipe  is  not  pari  of  turbine, 
iiam.  24  in.  be  adopted  for  supply  pipe,  loss  of  head  thereby  is  about  16 
md  loss  of  power  =  20  X  62.5  X  16  ft.-lbs.  per  sec.  or  36.4  hp. ;  loss  of  head 
)ipe  is  7  of  total  head  of  mill  site.  Foi*  36-in.  pipe,  loss  of  head  is  only  2 
however,  interest  on  extra  cost  of  pipe  might  be  greater  than  income  from 
ver  due  to  head  saved. 

If,  in  expression  for  friction  head  in  long  pipe,  (p.  556)  Q  -r-  (  ~t~  ) ,  be 

istituted  for  F, 

32  f  L  Q* 
Hf  =  — ^ — '^ji  from  which,  if  /  be  considered  constant  (as  rough  ap- 

iximation),  friction  head  is  inversely  proportional  to  fifth  power  of  diam. 

«rer  lost  in  supply  pipe  = 

32/L    Q« 
P,  =  QyHr*  =  ^y-^, 

lence,  approximately,  power  lost  in  supply  pipe  is  directly  proportional  to 
)e  of  flow  and  inversely  to  fifth  power  of  diam.  Doubling  discharge 
hout  change  in  length  or  diam.,  would  involve  about  8  times  as 
ch  loss  of  power.  If,  in  preceding  example,  jcentrifugal  pump  were  sub- 
wted  for  turbine,  pumping  20  cu.  ft.  of  water  per  sec'  from  tail  race  to 
ervoir,  summit  of  piezometer  column  at  pump  would  stand  at  hight  above 
up  equal  to  hight  of  reservoir  surface  above  pump  +  H/;  or,  for  24-in. 
•e,  70  -f  15.8  =  85.8  ft.;  and  therefore  15.8  ft.  above  reservoir  level. — 
Biydraulic  Motors,"  I.  P.  Church,  1908.) 

SPECIAL  CASES  OF  FLOW 

Time  of  Filling  a  Water  Main.  Method  of  computation  is  shown  by  an 
imple  and  is  approximate  only.     Fig.  328  is  the  profile  of  a  48-in.  pipe  line. 

^      V      '-^ 

£f.PS  ^  's*  ««^         't 


Pipe  or 
f^iyoir 


I       ^^^1       aS^r       zz^^=**'='^^s^^  \^Kift)hff€ 


I 


U   20S0'"^20S0-"^--2500''-'>^H$0*^O00^^'^ 

Fig.  328. 

trt  air  valve  controls  about  2250  ft.  of  pipe,  and  so  on,  as  shown.  When 
ter  is  admitted  at  standpipe  it  first  fills  nearest  depression,  then  rises  until  it 
^ows  next  summit.  Hence,  air  displaced  at  first  will  probably  discharge 
ough  all  four  valves.  Until  second  depression  is  filled,  air  will  escape  at 
ndpipe  and  through  at  least  the  first  two  air  valves.  After  this,  air  from 
tion  2  alone  will  find  egress  from  the  first  air  valve.  Now,  as  water  rises 
sections  2  and  3,  corresponding  volumes  of  air  will  be  expelled  at  valves 

'7  —  weight  of  water.  lbs.  per  cu.  ft. 


582  WATERWORKS  HANDBOOK 

1  and  2.  After  water  overtops  the  second  summit,  air  displaced  from  seetioos 
3  and  4  will  escape  from  valves  2  and  3,  at  least;  and  possibly  some  from  vnhc 
4.  After  third  depression  has  been  filled  and  water  has  risen  to  third  summitt 
remaining  air  in  sections  4  and  5  must  escape  by  valves  3  and  4. 

Assume  that  pressure  on  air  valves  'will  not  exceed  10  lbs.  gage.    Then 

Gage  pressure  24.7  ^  ^^^  ^^^  ^,  ^  ^^^, 


Atmospheric  pressure       14.7 
For  1-in.  air  valves,  A  =  0.7854  sq.  in.  =  0.00545  sq.  ft. 

For  l§-in  air  valves,  A  =  1.767   sq.  in.  =  0.01227  sq.  ft. 

Since  passage  through  air  valve  is  not  an  ''orifice  in  thin  plate,"  bat 
more  nearly  a  short  pipe,  take  Co  =  0.8.     {Co  =  discharge  coefficient) 
Q  for    1-in.  air  valve  =  0.8  X  0.00545  X  1049  =  4.58    cu.  ft.  per  sec. 
Q  for  li-in.  air  valve  =  0.8  X  0.01227  X  1049  =  10.30  cu.  ft.  per  sec. 
100  ft.  of  48-in.  pipe  has  a  content  of  1257  cu.  ft. 

Since  first  depression  is  near  first  summit,  the  grade  between  is  steep, 
and  the  cross-section  of  the  pipe  at  this  lowest  point  will  soon  be  filled.  As 
indicated  in  Fig.  329,  suppose  content  of  this  depression  equal  to  that  of  125  ft 
.    ^^  ^  of  pipe,  or  1.25  X  1257  =  1571  cu.  ft   To  .| 

?"  ^      fill  it  will  require  1571  -f-  18  =  87  sec.  =  U 
j  min.  if  water  be  admitted  at  rate  of  18  cu.ft. 

F^       per  sec,  found  necessary  by  computatioDS 

^^^.^r^zf.'rjz}^^^^  below  to  discharge  air  at  above  rates.  K 

ioi.'Yoiafizs'ofhpe^iitaritf  pressure  of   10  lbs.   be   maintained  at  air. 

Pjq   329  valves  1  and  2,  air  will  flow  from  them  at 

4.58  +  10.30  =  14.88  cu.  ft.  per  sec.  Se^ 
tions  2  and  3  as  far  as  second  summit  contain  together  36  X  1257  =  45,252 
cu.  ft.  Neglecting  slight  difiference  in  elevation  between  first  and  secoml 
summits,  it  will  take  3037  sec.  =  50.6  min.  to  fill  the  main  to  the  second 
summit.  For  approximate  computation  third  depression  may  be  considered 
equivalent  to  first.  This  air  will  escape  from  valves  2  and  3  in  1571  -r  H-^ 
=  105.5  sec.  =  1.8  min.  Remaining  air  in  section  4  below  third  sumnut, 
say  in  650  —  50  =  600  ft.  is  7542  cu.  ft.,  and  will  pass  from  air  valve  ow 
1640  sec.  =  27.3  min.  As.suming  fourth  depression,  also  equivalent  to  firs^f 
it  will  take  1571  -^  9.2  =  171  sec.  =  2.9  min.  to  get  this  air  out  through 
valves  3  and  4.  This  leaves  about  1200  +  900  -  125  =  1975  ft.  of  main, 
containing  24,826  cu.  ft.  of  air  to  be  discharged  through  two  1-in.  air 
valves,  which  will  require  2698  sec.  =  45  min. 

There  is  loft  part  of  section  3  between  second  summit  and  third  depressiofli 
which  is  above  the  elevation  of  the  third  summit,  about  400  ft.,  containing 
5028  cu.  ft.  and  requiring  488  sec.  =  8.1  min.  to  fiD.  Section  1  has  been  filling 
meanwhile,  but,  probably,  900  ft.  remain  empty.  Water  may  be  admitted 
here  more  rapidly,  say  at  30  cu.  ft.  per  sec,  provided  air  has  quite  free  egressat 
standpipe,  as  would  be  the  case  if  standpipe  and  main  were  being  flW 
together,  or  if  there  were  an  ample  air  valve  at  this  end  of  the  main. 
9  X  1257  -^  30  =  380  sec.  =  6.3  min.  will  complete  the  filling  of  the  section. 

•  Air  flow  formula,  p.  587. 
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Total  time  for  filling  main  from  standpipe  to  gate  valve  will  be,  therefore,  the 
Bom  of  these  partial  times,  143.5  min.,  or  about  2  hrs.  and  24  min. 

To  maintain  conditions  named  above  while  filling  the  main,  water  should 

be  admitted  at  the  standpipe  as  follows:  First  54  min.  at  18  cu.  ft.  per  see.; 

next  27  min.  at  10  cu.  ft.  per  sec. ;  next  48  min.  at  9}  cu.  ft.  per  sec. ;  next  8  min. 

at  lOJ  cu.  ft.  per  sec.  (or  say  10  cu.  ft.  per  sec.  for  80  min.) ;  last  6J  min.  at  30 

cu.  ft.  per  sec.    If  rates  of  admission  of  water  be  materially  increased  for  any 

period,  pressure  on  air  valves  would  probably  exceed  10  lbs.  per  sq.  in.,  and 

a  valves  were  so  constructed  as  to  close  when  internal  pressure  exceeded  this 

amount,  there  would  be  immediate  danger  of  serious  water  ram.    Hence, 

measure  the  water  or  place  a  pressure  gage  near  or  beyond  first  valve. 

Loss  of  Head  in  Distribution  System.  The  following  coefficients  were 
selected  by  the  engineers  of  the  Catskill  aqueduct  for  pipes  36  to  72  in.  in 
diam.,  in  such  condition  as  would  result  from  being  in  service  a  number 
of  years,  and  were  intended  to  be  conservative.  Risers  are  smooth,  con- 
crete-lined vertical  pipes  (48  and  72  in.  in  diam.)  connecting  the  high- 
pressure  delivery  tunnel  in  New  York  City  with  the  subsurface  main  pipes. 


Table  189.    Losses  of  Head  in  Pipe  Specials  *  in  Terms  of  Velocity  Head, 


V« 

3g 


Special 


7  is 
velocity  through 


Factor 


Central  flow  valve  in  riser Valve 0.5 

Cross  at  top  of  riser,  "Shaft  Cap" Riser 1.5 

Gate  valves,  wide  open,  on  mains  of  like  diam.  Gate  valve 0.1 

Gates  valves,  wide  open,  with  Venturi-shaped  Gate  valve 0.3 

or  standard  increaser^naped  approaches. 

Venturi  meter Throat  of  meter .  0.14 

90^  bends  (radius  2.5  to  3  times  diam.  of  pipe)  Bend 0.4 

Bends  other  than  90°,  radius  2.5  to  3  times  the  diam.  of  the  pipe,   in  direct 

ratio  to  loss  in  a  90°  bend. 

Branches  or  other  openings .  ^ Pipe  passing  0 .  03 

opening. 

Increaaer Small  end.  F,  =  / y t       y^t\ 

velocity  in  large     0.25  { ^r-  —  ~ ) 

end  ^  2^       2^  / 


Average  value  of  On  for  straight,  cast-iron  pipe  in  12-ft.  lengths,  100;  for  small 
velocities  (up  to  3  ft.  per  sec),  the  corresponding  (7  =  93;  (7  =  105  for  the 
bighest  velocities  (over  10  ft.  per  sec).  For  riveted,  straight,  steel  pipe, 
Cjy  =  80  for  velocities  less  than  2.5  ft.  per  sec,  and  85  for  higher  velocities. 
The  corresponding  values  of  C  are  78  and  92,  respectively.  Lock-bar  straight 
steel  pipe  is  taken  the  same  as  cast-iron.  For  the  small  risers,  C//  =  120;  in 
the  larger  terminal  riser,  loss  is  negligible  up  to  a  flow  of  150  mgd. 

Table  190.    Velocities  in  Water  Distribution  Pipes 

Tl\e8e  velocities  Hhould  not  ordinarily  be  cxoee<lpcl 


Diam.,  in 

4        6 

8      12  1   10     20     24      30     36     48 

3  0.  3  0 

3  5   4  0    4  5   5  Ol  5  5   6  0   7.0   7.0 

Velocity,  ft.  per  sec 

*  Selected  for  uee  in  deeigning  Catskill  aqueduct. 
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j.^  7/Q.0492Q«u 
y^Hk  -  Hfk 


or  ^ifcZ)«  -  HfkD^  = 


00492  QH* 


wr  2  X  cost  of  pipe  line  =  5  X  value  of  energy  lost. 
H  =  head  on  section  under  consideration,  feet. 
k  =  cost  of  pipe  in  doUars  per  lb. 
u  =  value  of  energy  of  1  c.f .s.  with  head  of  1  ft. 


Wa'ttr  Levtt 


Datum  30  ft  Mow  Too  VHIaHr  Lw^ 


Fig.  331. 

(T.  A.  8.  C.  E..  Vol.  59.  1907.  p.  63.) 

Hf  =»  total  friction  loss  in  section  under  consideration. 
D  =  diam.  in  ft.  Q  =  discharge,  c.f.s.— (W.  L.  Butcher,  T.  A.  S.  C.  E., 
Vol.  59, 1907.) 

rudb'«  /orwiiZa  d  =  6.437  -y^,     Z  =  ^ 

Y  =  velocity,  ft.  per  sec. 
d  =  diam.,  inches 
C  =  Chezy's  C,  see  page  265. 
U  =  the  value  of  1  hp. 


cost  per  ft  .of  pipef  -J-  d* 


m'9' 


Fiservoir 


Fig.  332. 

(T.  A.  S.  C.  E.,  Vol.  69,  1907,  p.  65.) 

Enter  Fig.  330  at  value  of  Z  (computed  from  assumed  trial  value  of  d), 
proceed  horizontally  to  line  for  proper  C,  then  vertically  to  Q  line,  and  value  of 
I  is  shown  by  horizontal  lines.  Recompute  Z  from  this  value  of  d,  and  repeat, 
\  necessary.  For  Z  from  8000  to  24,000,  C  lines  at  left  must  be  used;  for  Z 
!0,000  to  90,000,  those  at  right.  Diagram  may  be  used  for  compound  pipes, 
''ormula  and  diagram  are  both  based  on  total  theoretic  power  lost;  actual 
'alue  of  hp.  at  wheels  or  pump  X  p>ercentage  of  efficiency  should  be  used. 
(reak  in  curves  at  fourth  heavy  vertical  is  caused  by  change  of  horizontal 
cale.— (W.  E.  Buck,  T.  A.  S.  C.  E.,  Vol.  59,  1907.) 

*  Yaluefl  of  D*  on  p.  554. 

t  Sec  p.  390  to  convert  cost  per  lb.  into  cost  per  ft.    Add  laying  and  other  costs. 
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Pipe  Siphons.  (True  Siphons.)  For  drawing  water  from  resenroir, 
over  bank,  etc.  At  E.  London,  Cape  Colony,  a  12-in.  pipe  gave  following  ! 
results  on  test  for  liberation  of  air.  (See  Fig.  331.)  Capacity  of  air  vesad, 
650  gals.;  difference  of  elevation  between  water  in  reservoir  and  air  vessel, 
maximum  15  ft.,  minimum  6  ft.,  mean,  10.5  ft.;  water  discharged  Feb.  12 
to  Mar.  22,  1906,  14  mg.;  air  liberated  reduced  to  atmospheric  pressure,  535 
gals.  =  0.0038  per  cent.,  under  mean  vacuum  of  10.5  ft.;  mean  temperature 
70°  F.  (atmosphere).  Water  was  drawn  from  an  impounding  reservoir  and 
contained  about  4  per  cent,  dissolved  gases.  Water  was  discharged  at  rate  of 
0.36  mgd.  =  0.56  c.f.s. — (Chas.  Anthony,  Jr.)* 

A  68-in.  riveted  steel  pipe  had,  see  Fig.  332,  an  air  receiver  at  delivery  end, 
from  which  a  small  steam  jet  extracted  air;  but  a  large  quantity  of  air  liberated 
was  entrained  and  carried  out  with  the  discharged  water.  With  6-in.  dif- 
ference of  water  levels,  delivery  was  very  approximately  43  mgd.  =  67  c.f.8.— 
(P.  M.  Pritchard.)* 

Measurement  by  Elbows  of  Flow  in  Pipe  Lines.     V  =  5.60  ^ff  — .    V  > 

velocity,  ft.  per  sec,  R  =  mean  radius  of  bend,  ft.,  D  =  internal  diam.  of 
elbow,  ft.,  and  H  =  difference  in  hight  of  outer  and  inner  water  columns,  feet; 
H  is  determined  by  taps  at  the  inner  and  outer  edges  of  the  elbow  with  water 
columns.    The  elbows  used  in  the  experiments  were  ordinary  4-  and  6-in. 
cast-iron  elbows  with  bell  joints,  and  3J-in.  flanged  cast-iron  elbow;  all  had 
comparatively  smooth  interiors,  and  slight  variations  in  cross-section.    There 
is  a  consistent  relation  between  the  flow  of  water  in  an  elbow  and  the  difference 
in  pressures  between  the  convex  and  concave  sides  at  the  middle  of  the  bend. 
The  formula  holds  to  within  2  per  cent,  for  small  elbows  and  probably  holds 
for  all  sizes  with  slight  modifications.     The  disturbed  water  returns  to  normal 
flow  after  a  distance  of  10  diam.     The  position  of  the  taps  should  be  radial 
and  oi)posite  at  the  middle  of  the  bend  and  in  a  horizontal  plane,  but  small  de- 
partures from  these  conditions  affect  the  results  but  slightly.     If  the  ell>ow  is 
in  other  than  horizontal  position,  the  gage  reading  must  be  corrected  for  the 
static  head  corresponding  to  the  vertical  distance  between  the  taps.    The  posi- 
tion of  the  elbow  with  reference  to  gates  and  tees,  if  the  latter  are  more  than 
10  diam.  ahead  of  tlie  olhow,  is  of  no   consequence. — (G.  S.  Jacobfl  and 
F.  A.  Sooy,  Jl.  of  Elec,  Power  and  Gas,  Jul.  22,  1911.) 

FLOW  OF  AIR 
Formula  for  Inflow  or  Discharge. 


.■-«,.+ 273,  v;:,(,v^3)(:)--'{e) 


n  -  1 


Q  =  discharge,  cu.  ft.  per  sec. 
Co=  coefficient  of  flow 
.4  =  area,  sq.  ft. 

•  Trans.  Am.  Soc.  C.  E..  Vol.  59,  1907. 
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V  =  velocity,  ft.  per  sec. 

.p  =  absolute  pressure  of  internal  air 

a  =  absolute  pressure  of  external  air 

/  =  temperature  of  internal  air,  degrees  Centigrade 

/«  =  temperature  of  external  air,  degrees  Centigrade 

A;  =  a  constant  =  76.344  for  dry  air 

n 


n  =  1.41    for  dry  air;   therefore 


n  -  1 


=  3.451;  and 


n  -  1 
n 


»  0.291. 


oooooooooooooooooooooooooooooo 

OOOOOOOOOOOOOOOOOOOOOOOOOOOOCMJ 


Fig.  333. 
or  <  =  (•  =  17°  C,  or  about  62§**  F.,  the  formula  for  V  (for  dry  air)  becomes: 

•or  p  =  14.7  and  a  =  12.7,   V  =  498.2  ft.     For  a  =  10.7,   V  =  759.     For 
=  7.35,  V  =  1222.* 
To  get  diam.  of  inlets  of  air  valves  in  pipe  lines,  C,  is  assumed  at  0.8,  as 
hese  openings  are  not  in  thin  plate,  but  "short  pipes"  fed  by  air  valves. 

ience,  since  d*  =  -^,  for  ^  =  2,  T  =  1222,  d  =  0.4336  VQ-     (See  p.  430 

or  Air  Valves.) 


^     Air  Valrs 


Fig.  334. 

Air  Inflow  into  a  Pipe  Line.  Because  of  the  thinness  of  some  large  diam. 
Jteel  conduits,  computations  for  the  requisite  air  inflow  to  prevent  collapse  are 
nade.  Fini  ass^imption:  (a)  The  largest  break  might  be  tear  shaped,  as  in 
Fig.  333,  equal  to  i  the  area  of  cross-section  of  the  pipe.  (6)  With  such  a  tear, 
;he  excess  pressure  under  which  the  air  should  be  fed  should  not  exceed  2  lbs.; 
;he  vacuum  within  the  pipe  would  be,  therefore,  only  about  \  full  vacuum. 
Second  assumption:  The  worst  break  might  be  occasioned  by  the  washing  out 
)f  the  earth  support  from  the  pipe,  and  the  tearing  out  of  a  section,  thus  allow- 
ng  each  branch  to  discharge  freely.  With  such  an  extreme  case,  the  pipe 
¥ould  withstand  ^  vacuum. 

Under  this  second  assumption  (break  of  full  area  of  section)  the  computa- 
ion  of  the  water  discharged  from  either  side  in  a  depression  and,  therefore, 

*  HQtte.  Taschenbuoh. 
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of  the  air  which  must  be  admitted  at  the  summit  adjacent  is  simple:  For 
Qi  =  /3\/«i>  and  Q2  =  P\/82t  where  si  =   ,-,  «t  =  t,  and  ^  is  a  constant  from 

the  formula  for  pipe  flow.  But  Qair  at  A  =  Qi  —  Q„  smce  the  normal  flow 
of  the  conduit  continues  to  feed  over  the  summit  A  after  the  break  and  (?«., 
&t  B  =  Q2  +  Qn  for  the  same  reason.  (Fig.  334) 

If  the  break  is  not  the  full  area  of  the  pipe,  the  computations  of  air  inflov 
are  more  difficult.  For  instance,  in  Fig.  335,  where  there  is  a  break  between 
two  summits  touching  the  hydraulic  gradient: 

Si  =  •[-';  Si  =  £';  Qi  =  ^VSu  Qt  =  Py/St;  Q,  =  yy/T,  -  mAy/2iVh, 


AirYalv9 


AlrMbht 


Fig.  335. 


in  which  A  »  area  of  the  break,  and  m  =>  coefficient  of  discharge. 
Q\  =  ^\fS\,  both  when  Q*  =  0  and  when  Q.  ^  Qn\  Q.. 
Q,  =  fi\/St  when  Qo  <  Q,]  Q2  =  0  when  Qo  =  Q,  and  is  a  minus  quantity 
when  Qo  >  Qx-  _ 

But  Qi  +  O2  =  Ox,  hence  (i  {y-J^—  +  V"^"^"')  =  V  Vh'    (general). 
The  following  is  an  approximation: 


/i  /? 

Let)-  =  *Si;  ;    =  S,]  h  +  I2  =  h. 


-+  i 


Qt  =  0 


_2(«,  +  N,)  _ 
^;  +    '0   .,   4; 


Following  is  rigid  solution:    (^  =  I    )  ) 

1  .. 


(/i  -  me) 


82  =  — 


ht 


'+^Va.^O':+!;(^'') 


For  c,  see  Fig.  335. 


also 


/i  -  me 


ht 


■  +  ^NfI^+Or;+i' 


m 
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Table  191.    Capacities  and  Pteasures  of  Hydro-pneimiatlc  TkakB  Piacad  B«l- 

zontaL— (Continued) 


5^ 

r 


Diam.  of  Unk  (B)»  oapAcitles  in  gab.  per  ttn.  ft.  for  oaoli  inch  in 

hight  (il)«  and  Dounds  pKMuro  by  inches  in  hicht  when 

the  inidnrpreaeiire  oquali  lOlba.  per  mi.Ib. 


48  in. 

00  in. 

72  in. 

84  in. 

Gab. 

Preu. 

Gala. 

Press. 

Gals. 

Press. 

Gals. 

Press. 

Min. 


Gale 


108  h. 


Gala. 


88 
39 
40 

41 
43 
43 
44 

45 

46 
47 
48 
40 
50 

61 
63 
53 
54 
55 

56 
57 
58 
50 
60 

61 
62 
A3 
64 
65 

66 

67 

68 

Full 


98  < 
101 
104 

100 
110 
113 


60.2 
65.0 
70.5 

76.8 
84.0 
92.5 


113 
117 
121 

125 
128 
132 
136 
130 

142* 

146 

150 

154 

157 

161 
164 


88.7 
40.9 
43.2 

45.7 
48.2 
51.3 
54.3 
57.7 

61.8 
60.0 
70.5 
76.0 
81.8 

86.5 
05.7 


120 

29.4 

131 

80.7 

134 

31.8 

130 

83.4 

144 

35.0 

148 

38.5 

153 

38.3 

157 

39.9 

162 

41.8 

160 

43.9 

171 

45.3 

175 

48.4 

179 

51.0 

183 

53.5 

187 

50.2 

192  • 

00.0 

190 

03.0 

200 

00.0 

204 

70.5 

208 

75.3 

212 

79.8 

217 

84.5 

221 

91.5. 

ot 


147 


212 


138 
144 

149 

153 
158 
103 
108 
178 

178 
183 
188 
194 
199 

203 


213 
218 
223 


2K8 


248 
247 

252* 

257 

262 

266 

270 

275 
280 
285 
376 


24.4 

35.3 
2«.8 

27.1 
28.0 
28.0 
80.2 
31.2 

32.3 
33.6 
35.0 

30.3 
37.9 

89.0 
41.1 
42.5 
44.4 
40.8 

48.8 
50.8 
52.8 
55.2 
57.8 

60.0 
64.0 
66.3 
70.8 
74.7 

79.0 
83.5 
88.0 


150 
155 
100 

100 
171 
176 
182 
188 

193 
198 


215 

220 
225 
232 


245 

250 
255 

281 
207 
273 

279 
285 
290 
295 
300 

306 
312 
318* 
476 


SI.I 
B.I 
0.1 

a.i 

Ml 
M.7 
25.1 
36.S 

17.1 
27.1 
»• 
M.O 
lO.I 

SI. 7 
II.S 
».• 

ti.O 

11.1 

17.1 
«.l 
41.4 
41.1 

a.i 

45.0 
47.5 
48.1 

50.5 
51.5 

54.5 

57.0 
600 


*  At  this  bight  tank  is  two-thirda  full. 


compressed  air  so  that  with  no  water  in  it,  the  gage  reads  20  lbs.  Then  pump 
the  tank  two-thirds  full  of  water;  what  will  the  pressure  be?  If  we  ctU 
the  original  volume  of  air  100  per  cent,  the  final  volume  is  33  per  cent.  The 
original  absolute  pressure  is  20  +  15  =  35  lbs.;  35  X  ^s~  =  105  lbs.  ab- 
solute pressure.    Subtracting  15  gives  a  final  gage  pressure  of  90  lbs. 

Air  in  Water.  Rate  of  rise  of  air  bubbles  through  water.  In  flowing 
through  gate-houses  and  other  structures,  under  certain  circumstances,  watef 
entrains  air,  and  it  is  sometimes  necessary  to  remove  excess  air  before  pfl** 
mitting  water  to  flow  on  into  an  aqueduct  or  pipe.  In  connection  with  deflgP 
of  an  air  remover  for  Catskill  aqueduct  (see  E.  R.,  Aug.  3, 1912)  to  determine 
rate  at  which  air  would  probably  separate  from  water,  simple  experiments  were 
made  (1909),  with  results  below,  on  rat<;  at  which  air  bubbles  would  nee 
through  water.  A  wooden  tank  6  in.  square  inside,  1 1  ft.  4  in.  high,  with  pan» 
of  glass  at  intervals  on  one  side,  and  a  small  pipe  near  bottom  for  admitting  tf 
under  pressures  up  to  5  lbs.  was  used.    The  air  pipe  was  horiiontal  witb  end 
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d,  one  hole  A  in.  diam.  in  top  of  pipe  at  vertical  center  line  of  tank;  air 
mtrolled  by  a  cock.     Water  temperature  was  70**  F.,  air  72°. 

Table  192.    Rate  of  Rise  of  Air  Bubbles  through  Water 


f 

Estimated 

sise    of 
bubble,  in. 

Av.  time,  roinutee,  con- 
sumed in  rising 

Remarks 

5  ft. 

10  ft. 

\ 

0.24 
0.17 
0.15 
0.14 
0.12 

0.47 
0.30 
0.31 
0.27 
0.24 

Bubbles  liberating  themselves  naturally 
from  orifice  in  top  of  air  pipe. 

3 
4 

5 

f 

0.05     - 

0.04 

0.05 

0.24 
0.20 
0.17 
0.13 
0.11 

0.11 
0.10 
0.10 

Large  hemispherical  bubbles,  made  by  releas- 
ing large  quantity  of  air  quickly,  rising  at 
head  oi  large  groups  of  smaller  bubbles. 

0.47 
0.41 
0.34 
0.24 
0.22 

Time  is  that  required,  after  liberating  large 
quantity  of  air,'  to  clear  water  of  all  bubbles 
larger  than  sise  stated. 

Ater  discharged  from  a  hose  immersed  about  5  ft.  in  water  liberated  air 
»bles  of  various  sizes,  including  a  quantity  of  very  small  ones  -ti  in.  and 


Rote  of  Rise,  Feef  per  Second 


0.3 


\ 


)8 

JZ 

Si 
ID  i 

O 

u 

V 

E 
E 

< 


Q+ 


05 


06 


/ 

J 

/ 

/ 

/ 

/ 

y 

/ 

• 

1 

• 

1 

. 

4 

S         i 

)           7 

8 

4 

lb 

a? 


oe 


No  attempt  was  made  to 
re  rate  of  rise,  but  it  was 
that  the  smaller  bubbles 
ery  slowly.  Water  was  dis- 
jd  from  }-in.  nozzle  on  to  the 
surface  in  the  tank.  It  carried 
th  it  to  a  depth  of  6  to  8  in. 
n  of  bubbles  from  i-in.  diam. 
y  small  ones.  There  seemed 
a  distinct  division  of  bubbles 
ivo  groups,  those  about  A  in. 
n.  and  over,  and  those  about 
and  under.  There  were  very 
ubbles  of  diam.  between  A 
:  in.  (Pressure  at  nozzle  prob- 
ibout  15  lbs.) 

le  velocity  of  " commotion'* 
es  (about  J  in.  diam.)  is  about 
)er  sec.  The  velocity  varies 
square  root  of  the  diam.,  and 
am.  increases  as  the  bubble 
aches  the  surface  due  to  the 
ing  pressure.  *'  Elimination  *  * 
3S  are  seldom  over  0.01  in. 
at  any  stage  of  their  ascent, 
annot  rise  at  a  rate  greater 
I  in. -per  sec.  (Frizell's  "Water  Power,''  p.  523.) 
periments  made  with  glass  tubes  5  in.  id  diam.  showed  a  velocity  of 


Rate  of  Rise  ,  Inches  per  Second 

Fia.  336. — Velocity  of  air  bubbles  rising 
through  water. 

(Experiments  at  B.  W.  8.  Laboratory,  Aug.,  1909.) 
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8  to  10  in.  per  sec.  for  j-in.  bubbles.    The  velocity  does  not  depend  on  tk« 
depth  of  water. 

WATER-HAMMER  IN  PIPES 

Stresses  in  Pipe.  When  water  flows  through  a  very  long  pipe,  sudta 
closing  of  valves,  especially  the  last  quarter  of  travel,  tends  to  cause  U^ 
momentary  bursting  pressures,  or  water-hammer;  extreme  pressure  wiAli» 
occasioned  by  instantaneous  closing.  If  the  pipe  does  not  move  lengthwi^ 
kinetic  energy  of  water 'will  exhaust  itself  in  compressing  water  and  distendni 
walls  of  pipe.  Distention  of  pipe  may  be  neglected.  Water  has  only  ()» 
modulus  of  elasticity,  "Bulk  Modulus,"  or  Et,.  If  water,  of  original  volumcl, 
is  by  compression  from  all  sides  reduced  by  dB^  fluid  pressure  induced  being'' 
lbs.  per  sq.  in.,  then: 

r,     ^    _Pr PrB 

''''  dB-h  B'  dB 

For  pressures  below  1000  lbs.  per  sq.  in.  (and  at  ordinary  temperatowi)  & 
may  be  taken  as  294,000  lbs.  per  sq.  in.  (For  very  high  pressure  seeE-N, 
Oct.  4,  1900.) 


V=  Vy[. 


Etw 


w  =  unit  weight  of  water,  and  V  =  initial  velocity, 
proportional  to  original  velocity  V  of  water  in  pipe. 
Incidentally,  velocity  of  sound  in  water: 


i< 


Excess  preflsuie 


U 


'4 


Eyg 


w 


With  E^  =  294,000  lbs.  per  sq.  in.,  g  =  32.2  and  w  ^  62.5  lbs.  perco.ft- 
U  =  4670  ft.  per  sec.  and  P,  (in  lbs.  per  sq.  in.)  =  63  X  F  (in  ft.  per  sec.) 

Lnder  unit  pressure  Pr  at  this  instant  acting  also  as  bursting  presw^ 

a    ally  outward  on  inner  surface  of  pipe  wall,  simultaneous  tensile  stresB  (o' 

oop-t^nsion")  in  pipe  wall,  p,  lbs.  per  sq.  in.,  will  have  a  value  of  ?•' 

^'  "^  '»  where  t  =  thickness  of  pipe  wall,  and  r  =  internal  radius  of  ppc-  ^ 

^  IS  modulus  of  elasticity  (linear,  Young's  modulus)  of  metal  of  pipe,  bxAU 

increase  of  length  of  circumference  due  to  stress  p„,  and  u  =  correspowi"* 

increase  in  radius. 


£:  =  p.  -^  (/>p  4-  2rr),  otE  =  (rPr2«T)  -5-  L^) 


u 


EEd 


w'(t^  +  2r^*) 

c^naid^*^*^^^^  velocity  of  sound  along  water  in  pipe,  distention  of  latter  being 
^red;  theref( 


[ore 


IR      <( 


^'-  ^W  ailE  +  2tE,  I 


g(tE  +  2rE, 

^'«^esa  pressure"  tending  to  burst  pipe.— ('' Hydraulic  Motore,"  I-^- 
^«  1908.) 
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St.  Petersburg)  (1)  effect  of  dead  ends  in  increasing^hock;  (2)  effect  of  nil 
of  closing  valve;  (3)  air  chambers;  (4)  safety  valves;  (5)  influence  of  sir 
pockets  and  of  leaks  upon  form  of  pressure  curve.  Tests  were  made  oe  3* 
in.,  4-in.,  6-in.,  and  24-in.  cast-iron  pipes,  2494,  1050,  1066  and  7007  ft  kng, 
respectively.  Formula  for  velocity  of  propagation  of  pressure  wave,  fa 
any  system  of  units: 

1 


Vu,  =  ^  fW    d  D 
'^  i  E 


^, 


V^  =  velocity  of  propagation  of  wave,  ft.  per  sec.,  V  =  extinguished  Te- 
locity of  flow,  d  =  diam.  of  pipe,  inches,  t  =  thickness  of  pipe,  ineboL 
D  =  density  of  water  =  unit  weight  -^  acceleration  of  gravity,  E  =  Youngfs 
linear  modulus  of  elasticity  for  material  in  pipe,  14,000,000  for  cast-iron, 
El,  =  volumnar  (bulk)  modulus  of  elasticity  of  water,  say  300,000  Iba.  per 
sq.  in. 

Comparison  of  results  of  computations  and  tests 

a  Vu>  computed  V<a  from  tests 

2  4424  4375 

4  4288  4200 

6  4116  4100 

24  2996  3313 

Additional  pressure,  Pr,  produced  by  closure  of  valve: 

Pr  =    VDVu> 

Increase  of  unit  pressure  stands  in  direct  proportion  to  extinguished 
velocity,  V;  it  is  independent  of  length  of  pif)e,  and  directly  proportional 
to  velocity,  Vw,  of  propagation  of  pressure  wave.  Substituting  numerical 
values,  Joukovsky  computed  the  following  values  of  additional  shock 
pressure : 

Diam.  of  pipe,  in.  Additional  pressure  per  ft.-per-sec.  of  ex* 

tinguished  vel.,  in  atmospheres 

2  4.066 

4  3.886 

6  3.783 

24  2 . 754 

Miss  Simin  summarizes  Joukovsky's  results:  1.  Shock  pressure  ifl  tran*- 
mi  tied  with  constant  velocity  seemingly  uidependent  of  intensity  of  shock, 
but  dependent  upon  elasticity  of  material  in  pipe,  and  upon  ratio  of  thick- 
ness of  pipe  to  diam.  This  velocity  is  about  4200  ft.  per  sec.  for  2-,  4-,  wd 
6-in,  diam.,  and  3290  ft.  for  24-in.  2.  Shodk  pressure  is  transmitted  with 
constant  intensity;  is  proportional  to  extinguished  velocity  of  flow  and  to  speed 
ropagation  of  pressure  wave.  For  2-,  4-,  and  6-in.  jpipes,  increase  of 
ire  for  every  ft.  per  sec.  of  extinguished  velocity  of  flow  is  about  4  at- 
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pheres,  and  about  3  atmospheres  for  24-in.  3.  Phenomenon  of  periodical 
ition  of  shock  pressure  is  explained  by  reflection  of  pressure  wave  from 
of  pipe.  4.  If  w^ter  column  continues  flowing,  no  noticeable  influence 
i  shock  pressure  takes  place;  pressure  wave  is  reflected  from  open  end  of 
,  in  same  way  as  from  reservoir  with  constant  pressure.  5.  Dangerous 
jase  of  shock  pressure  occurs  when  pressure  wave  passes  into  pipe  of 
ler  diani.y  containing  a  dead  end;  when  wave  is  reflected  from  a  dead 
shock  is  doubled.  If  several  dead  ends  branch  from  a  dead-ended  trunk, 
mres  may  become  very  great.  6.  Simplest  method  of  protecting  from 
T-hammer  is  use  of  slow-closing  valves;  duration  of  closure  to  be  propor- 
;d  to  length  of  pipe  line.  Air  chambers,  if  of  ample  size,  placed  near 
es,  tend  to  eliminate  hydrauUc  shock;  but  it  is  difficult  to  maintain  the 
mpply.  Safety  valves  allow  to  pass  through  them  only  waves  of  in- 
ity  corresponding  to  elasticity  of  springs  of  valve.  7.  Diagrams  of 
k  pressures  are  of  vsJue  in  determining  location  and  extent  of  air  pockets, 
location  of  leaks. 


Yg  =  IS  Ft.per5ec 


-->- 


FiQ.  337. 


>urge  in  Hydraulic  Standpipe.'*'  In  each  experiment  steady  flow  was  first 
red  with  LO  11  ft.  below  BKy  corresponding  hydraulic  grade  line  being 
Let  Jxrf*,  sectional  area  of  main  pipe,  be  denoted  by  F,  and  that  of 
dpipe  (at  ID  and  above),  viz.,  ixd'*,  by  F\  Let  the  valve  at  A  be 
intaneously  closed.  Surface  of  water  in  the  standpipe  immediately  be- 
to  rise  above  its  initial  position  LO  and  velocity,  r,  of  the  water  in  the 
1  pipe  begins  to  diminish  from  initial  value  Vo  =  7.5  ft.  per  sec.  Unsteady 
now  sets  in;  what  value  of  y  will  correspond  to  any  value  of  x  (hightof 
ice  ST  in  standpipe,  above  LO)y  during  upward  "surge;"  i.e.,  find  y  as  a 
tion  of  x;  and  finally  determine  greatest  hight  Xm  =  OM  of  surge,  the 
jr  in  both  pipes  having  then  come  to  rest  (for  an  instant).  Let  y  denote 
ht  of  a  cubic  foot  of  water,  and  g  acceleration  of  gravity.  Apply  Principle 
/'ork  and  (Kinetic)  Energy,  as  governing  the  motion  of  an  assemblage  of 
I  bodies,  to  the  movement,  in  time  increment,  ctt,  of  all  particles  of  water 
ipply  pond,  main  pipe,  and  standpipe;  their  aggregate  weight  being  G  lbs. 
ating  work  of  working  force  G  to  friction  work  plus  change  of  kinetic 

rving  p.  Church  (Cornell  Civil  Ener..  Dec,  1911).    Experiments.  1909-1910,  Hydraulic  Lab.. 
•ll.Univ.,  by  H.  H.  Conway  and  F.  H.  Storey. 
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energy,  all  forces  besides  gravity  and  friction  being  cither  neutral  or  sdf-caonl' 

ling  (atmospheric  pressure) 

Fl   ^     .      F'x 

2l? 


yF'dx{h  -  X)  =  y'~  Vdv  +  y'-n^ViW  -^'l  *  (1)  „ 


4/In  .       .        .PI 


Dividing  through  by  F'y,  also  denoting  s^l  1  +.-3"  I  by  A,  and  « 


byfi, 


Integrating,  Av^  =  /i  —  aj  +  oil  —  c    b* 


(2) 
(3) 


which  is  the  desired  relation  giving  velocity  v  in  the  pipe  for  any  value  of  x  div- 
ing the  (first)  upward  motion,  or  "surge,"  of  the  surface  ST  of  the  water  in  tie 
standpipe.  Position  reached  by  this  surface  at  end  of  first  surge  is  found  by 
putting  V  =  zero  in  (3)  and  solving  for  x,  which  is  then  called  x»  =OAf  ifi 

Fig.  337. 

B 


Xm  =  h  -{- 


2A 


[l  -  €"  B  H 


(4) 


This  transcendental  relation  can  be  solved  for  Xm  only  by  trial;  not  tedi- 
ous, since  the  value  of  the  bracket  is  not  greatly  affected  by  changes  in  x*  tf 
successive  assumptions  are  made.     €  is  2.71828,  Naperian  base. 

Applying  eq.  (4)  to  experiment  with  6-in.  standpipe  (d'  ■=  6  in.),  wc  h*w 
(since  A  =  11  ft.,  =  At;o*  and  i^o  =  7.5  ft.  per  sec),  A  =  0.1955;  while 

F      I         (4)«    140 
^  "  F'     g    ~  (6)»    32.2  ""  ^•^'^^' 

both  values  involving  foot  and  second  as  units. 

Hence 

B  2A 

2^  =  4.94  ft. ;  while  -g  =  0.2024. 

With  20  ft.  as  first  trial  value  for  x«, 

e  "'«'""  becomes  e-'^'^  X  20  „  ^  -  4.048 

and  hence  it  is  reciprocal  of  number  whose  natural  logarithm  (log.)  ia  40(8, 
which  is  57. 
From   eq.    (4) 

11  +  4.94 fl  -  ^1  =  15.85  ft., 

which  is  much  smaller  than  assumed  20  ft. 

Assuming  16  ft.  for  x«,,  right-hand  member  of  (4)  =  15.7;  assuming  15.7  ft- 
forxw,  from  (4) 

x«  =  11  -h  4.94ri  -  ^^1  =  15.74  ft. 
Result  of  actual  experiment  was  x»  =  16  ft. 

•/  —  friction  factor,  see  page  556. 
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Experiment  with  4-in.  standpipe,  /i  »  11  ft.  and  vq  «  7.5  ft.  per  sec;  A, 
s  before  —  0.1955;  but  since  now  diam.  of  standpipe  is  equal  to  that  of 
[lain  pipe,  so  that  F  =  F\ 

B  2A 

2^  =  11.12  ft.;  and  -g  =  0.0900. 

Assume  x.  «  25  ft.,  right-hand  member  of  eq.  (4)  becomes 

11  +  11.12  Tl  -  ^1  =  20.93  ft. 

•Hnally  value  20.3  ft.  proves  sufficiently  close.     Value  found  by  experiment 

rsa  19.8  ft. 

1       2A 
For  practical  use,  transform  eq.  (4)  by  writing  jr  ^  ~d^^  exponent  inside 

^racket,  while  restoring  original  meaning  of  A  and  B  outside  bracket. 


=  A-h 


r  1  .  V?L  -I 


(5) 


UV9/ 


FiQ.  338. 


?w^^j?j^ 


Note  that  the  coefficient  outside  the  bracket  =  K.) 

In  solving  eq.  (5)  for  x.»  in  any  actual  case  of  a  water-power  plant  with  a 
>iig  supply  pipe,  a  fair  value  for  the  first  approximation  may  usually  be  ob- 
uied  by  neglecting  second  term  in  bracket,  since  value  is  generally  small  com- 
•ajed  with  unity.  As  to  time  occupied  in  first  up- 
ward surge,  observed  time  in  case  of  6-in.  stand- 
ipe  was  10  sec;  and  for  4-in.  standpipe,  5  sec 
^  relation  holding  between  v  and  x  for  any  instant 
Uring  return  motion  (first  downward  surge)  of 
''ater  in  standpipe  (with  corresponding  **back- 
'"ard"  motion  of  water  in  main  pipe)  can  easily 
^  established  by  use  of  foregoing  methods,  it 

^ing  remembered  that  initial  conditions  of  this  downward  surge  are  final 
conditions  of  first  upward  surge.  Another  upward  surge  now  follows,  and 
!>  on;  but  each  succeeding  surge  is  shorter  in  range  than  that  immediately 
^I'cceding  until  finally  water  in  standpipe  comes  to  rest  with  summit  on  level 
rith  that  of  lake  surface.  See  also  Trans.  Am.  Soc  C.  E.,  Vol.  78,  1915,  p. 
60,  R.  D.  Johnson. 

WEIRS 

Bazin's  Weir  Formula.  (Rectangular  Weirs.)  Bazin's  results  per  linear 
W  of  weir,  for  weirs  with  sharp  crests,*  without  end  contractions,  are  ap- 
proximated by: 

e  =  c  [l  +  0.55  {^h) *]^ * V2^ 

0.003 


c  =  0.405  + 


H 


*8ee  iMse  602  for  flat  erwto. 
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or  more  roughly 


Q  =  eH^y/2g 


d  =  0.425  +  0.21 


U-h//) 


D  and  H  are  in  ft.,  Q  in  cfs.  (Fig.  338). 

Weir  Box  is  used  to  measure  the  discharge  of  small  pumps,  and  other 
relatively  small  quantities.  The  depth  on  the  weir  must  not  be  over  one-thinl 
the  depth  of  the  box  or  canal,  and  the  distance  of  the  side  of  the  weir  opening 
from  the  side  of  the  canal  or  box  must  not  be  less  than  the  depth  on  the  weir. 
The  edge  over  which  water  falls  must  be  level.  AU  edges  of  the  notch  must  be 
sharp.  Since  a  common  method  of  measuring  the  head  on  weirs  is  to  use  an 
ordinary  foot-rule  divided  into  inches  and  sixteenths,  and  the  discharge  in 
gallons  per  minute  is  often  wanted,  the  following  table  has  been  prepared  by 
the  American  Well  Works,  based  on  Francis'  formula,  for  end  contractioM: 

{ 

Q  =  3.33  [L  -  0.2/7]  H  ,  for  weirs  from  1  to  20  ft.  long. 


Table  193.    Rectangular  Weir  Discharges,  End  Contractioiis 

Figures  at  left  and  top  are  depths  or  heads;  figures  in  body  of  table,  gals,  per  min. 


Head 

0" 

\" 

\"                 \"                 \" 

1 

1" 

1 

r 

- 

12-in.  Weir  with  Full  Contractions 

0" 
1" 

1.58 
42.3 

4.48 
49.4 

8.33 
56.9 

12.67 
63.2 

17.65 
72.7 

23.14 
81.1 

29.09 
89.8 

35.5 

2" 

98.7 

107.8 

117.2 

126.8 

136.7 

146.8 

157. 

1675 

3" 

178. 

189. 

200. 

211. 

223. 

234. 

246. 

257 

4" 

269. 

282. 

294. 

306. 

319. 

331. 

344. 

357 

5" 

370. 

383. 

396. 

409. 

423. 

436. 

450. 

464 

6" 

477. 

491. 

505. 

519. 

533. 

547. 

562. 

576. 

7" 

590. 

605. 

619. 

634. 

649. 

663. 

678. 

m 

8" 

708. 

723. 

737. 

752. 

767. 

783. 

798. 

813. 

9" 

828. 

843. 

859. 

874. 

889. 

905. 

920. 

935. 

10" 

951. 

966. 

982. 

997. 

1013. 

1028. 

1044. 

1O60 

11" 
12" 

1075. 
1200. 

1091. 

1106. 

1122. 

1137. 

1153. 

1169. 

1184. 

■ ■ 

2-ft 

:.  Weir  with  Full  Contracti 

ons 

0" 

\" 

i' 

r 

\" 

\" 

\" 

I" 

0" 
1" 

3.18 
85.4 

8.98 
99.8 

16.72 
114.0 

25.44 
127.9 

35.48 
147.4 

46.58 
154.6 

58.62 

71   5 

1825 

2" 

200 . 8 

219.6 

238.0 

258.9 

279.3 

300.3 

321.6 

3434 

3" 

366. 

388. 

411. 

435. 

459. 

483. 

508. 

533 

4" 

558. 

584. 

610. 

636. 

663. 

690. 

718. 

745. 

5" 

773. 

802. 

830. 

859. 

888. 

918. 

947. 

977 

6" 

1008. 

1038. 

1069. 

1100. 

1131.    • 

1163. 

1194. 

1226 

7" 

1259. 

1291. 

1324. 

1357. 

1390. 

1423. 

1456. 

1490. 

8" 

1524. 

1558. 

1593. 

1627. 

1662. 

1697. 

1732. 

1767. 

9" 

1802. 

1839. 

1874. 

1910. 

1946. 

1982. 

2019. 

2055. 

10" 

2092 . 

2129. 

2166. 

2203. 

2241. 

2278. 

2316. 

2354. 

11" 

2392. 

2430. 

2468. 

2506. 

2543. 

2584. 

2622. 

2661. 

12" 

2700. 

1. • 

1 

1 
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Fia.  33fi. — Coefficient  C  for  short  shainHcreflted  rectangolu'  wein,  with  col 


Triangular  Weir.     Discharge: 
Angle  at  vertex  90°,  Q  =  2.M  ft'  (Prof.  ThomsoD  givea  2.M) 
Angle  at  vert«x  90°,  Q.  -  CJi*,  in  which  C.  has  followii^  value*: 

ft  3  4  5 

C,  0.3034  0.3020  0.3014 

Q  =  c/s,  0»  =  cu.  ft.  per  min.,  ft  =  head  on  notch,  ft. 
Angle  at  vertex  54°,&reaof  orifice  ia  half  that  for90°;C,iB8lighUyp«'' 
than  half  C.  for  90». 

Prevention  of  inward  flow  at  sides  of  notch,  due  to  narrowneas  of  <'l>i»' 

u, B  — ^  or  roughness  of  upstream  face  of  weir,  iocrtw 

*    \W -a 1\/  discharge. — (James  Barr,  Glasgow  Univ.,  19'^ 

^      ~^^^^^^^-i  Tests   at  Cornell   University:   For  p**" 

\^:^       ?  contraction,  with  sharp  edges, 

F.a.   340.-TManp.lar  Weir.        <?  =  ^  ^  ^  V^^^"^'  '   It*^  ^  ^^^' 
H  =  width  of  notch  at  hight  H 

If  K  =  Yg  uV^20i  ft  constant  for  a  given  weir,  then  Q  -  Kf^  UieoKtkd 
or  Q  =  CKA',  where  C  =  coef.  of  contraction. 
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Bazin's  formula:*  Q  =  \0A05  H -. — J  [l  +  /^  .     ii)Lhy/2gh 

where  Q  =  discharge,  cu.  ft.  per  sec;  h  =  observed  head,  feet;  p  =  hight 
of  crest  above  channel,  feet;  L  =  length  of  weir,  feet. — (E.  N.,  Jan.  12,  1911, 
p.  38.) 

From  measurements  of  flow  the  following  rating  formulas  have  been  de- 
termined. 

Q  =  2.491  L^i  "  Merced  dam 

Q  =  3.088  Ml  «>  La  Grange  damf  (Turlock) 

(?  =  3. 110  M»  "  Yakima  dam 

0  =  3. 196  M»  "  Old  Austin  dam  (Texa8)t 

(Ref:  W.  F:  Martm,  E.  N.,  Sept.  29,  1910,  p.  321.) 

L  i. 5 


h  h  ^    -^.. 


-rl£j:^M 


lH  sr  lI^ 


A  kb 


M 


&  C  0  E 


{Rectangular)  fTriflngufcar)  Roona  Topped 

Fig.  341.— Types  of  crests  referred  to  in  Table  196,  p.  601. 

Coefficients  of  Discharge  for  Flow  through  Notches.  In  constructing 
dams,  it  is  often  necessary  to  approximate  the  number  of  openings  to  be  left 
to  take  the  river  flow.  Tests  were  made  at  McCall's  Ferry  dam,  with  rec- 
tangular openings  45  ft.  deep,  and  40  ft.  wide,  left  in  the  concrete,  7  ft.  above 
the  river  bed ;  each  notch,  or  opening,  was  about  40  ft.  long  ( =  thickness  of 
dam).    Two  formulas  were  tested  for  constants:  (1)  Fteley  and  Stearns: 

Q  =  CJAH  -h  hHdiH  -  //,)* 

(2)  Ordinary  weir  formula: 

Q  =  CMH  -  //,)* 
Q  =  discharge,  cfs. 
H  =  measured  hight,  ft.,  of  upstream  pond  level  over  bottom  of  notcn. 

corrected  for  velocity  of  approach. 
Ht  =  measured  hight,  ft.,  of  tail  water  below  dam  over  bottom  of  notcQ. 

corrected  for  velocity  of  retreat. 
L    =  crest  length,  ft.,  corrected  for  end  contraction  =  40  —  0.2  {H  -  "•' 
Cfi  =  coef.  of  discharge  for  submerged  weir. 

C„  =  Bazin*s%coefficient,  using  head,  H  —  Ht» 

a 
H  varied  from  14.2  to  24.4  ft.,  with  a  corresponding  variation  in  velocity' 

from  4.40  to  7.60  ft.,  and  in  Q  from  4550  sec.  ft.  to  10,100  sec.  ft.    C  varied 

from  2.35  for  first  condition,  to  2.47  for  H  =  17  and  18  ft.     C.  varied  from  3-92 

to  4.01   corresponding  to  heads  and  quantities  first  mentioned.— (Coro^ 

Civil  Eng.,  May,  1910.) 

•See  page  597  for  sharp  edged  weir, 
t  Profile  on  page  1 79. 
t  Profile  on  page  174. 
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Discharge  through  Submerged '  Orifices.  Sixty-three  experiments.  At 
le  sides  of  a  long  horizontal  wooden  channel  were  screwed  a  pair  of  vertical 
osts,  held  together  at  the  upper  end  by  a  yoke  in  which  moved  a  screw 
ttached  to  a  gate-board.  To  cause  the  opening  to  be  submerged,  a  dam  was 
uilt  in  the  channel  below.     Formulas  for  coefficients  of  discharge: 

Q 
C  = — 

ahV2g{hi"ht  +  k) 
hi  =  upstream  head  on  top  of  orifice 
/i2  =  downstream  head  on  top  of  orifice 

a  =  width  of  orifice 

6  =  channel  width 

k  =  Constant. 

The  formula  giving  the  best  results  is: 

1 


C=  «  + 


a 


+  y 


Vb 


2       |(».  +  5) 

n  which  a  =  0.435,  /3  =  0.257,  y  =  0.031212.     Probable  error  =  0.0256. 
The  following  formula  is  about  as  accurate  and  much  simpler: 


(A) 


C  =  0.541  +  0.150 


h^ 


a 


Probable  error  =  0.0276. 


In  Weisbach's  14  experiments  the  channel  was  1.2  ft.  wide,  and  had  no 
bstructions  at  gate  to  form  side  contractions,  as  in  Bornemann's,  opening  at 
ite  having  full  width  of  channel;  gate-board  had  sharp  bottom  edge.  Ex- 
sriments  were  made  with  three  hights  of  gate  opening,  0.12,  0.19  and  0.25  ft. 
ead  above  top  of  opening  varied,  on  upstream  side  from  0.29  to  0.90  ft.,  and 
1  downstream  side  from  0.15  to  0.44  ft.  Discharge  varied  from  0.36  to  1.28 
I-  ft.  per  sec;  C  varied  from  0.689  to  0.919.  Formula  (A)  fits  these experi- 
ents  well  when  a  =  0.3586,  /3  =  0.8603  and  y  =  0.002618.  Boileau  made 
t-ee  experiments  with  opening  at  gate  =  full  width  of  channel  =  2.9  ft.,  gate 
>oriing  =  0.33  ft.  Coefficients  of  discharge  were  from  0.02  to  0.04  less  than 
'Ose  of  Wcisbach. — (Borncmann.     Der  Civilingenieur,  Vol.  26,  1880.) 

Flow  of  Liquids  through  Cracks.*  Results  of  test  with  filtered  water  check 
^11  with  results  from  formula  in  Lamb's  "Hydrodynamics."  Bronze  piston, 
iri.  diam.,  fitted  in  cylinder  8  in.  long  with  clearance  of  0.0018  in.  Water 
^tiperature,  74°  F. 


Table  197. 

Flow  of  Water  through  Cracks 

Flow,  cu.  in.  per  sec. 

Pressure,  lbs.  per  sq.  in. 

Calculated                                       Measured 

20 

0.21 

0.14 

40 

0.42 

0.35 

60 

0.62 

0.61 

80 

0.83 

0.83 

100 

1.04 

1.04 

120 

1.25 

1.28 

*£rnst  Jonson,  E.  N.,  Dec.  19.  1912. 
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Plow  dmni^  Snbmerged  Scteeos.    An  mvMtigatiui  on  13-in.  ■qnn 

soreens,  mule  up  of  3-in.  by  ^in.  pine  slats,  l-io.  oentara,  with  differsnt  eooii- 
tions  of  pointing,  ahowed  that  the  flow  closely  approoehM  flow  thnrng^  short 
tubes.  Q  =  CA-<t/2ff{Ht)-  ^  -  open  uea  of  Bcreens,  sq.  ft.  B.  —diflv- 
ence  in  water  levels  above  and  below  Bcreens  diminished  by  the  differanat  ■ 
velocity  heads.  For  screen  with  square  conms,  C,  -■  0:811;with  downstiva 
face  pointed,  C.  -  0.832;  with  upstream  face  pointed,  C,  -  0.986;  with  bott 
stream  faces  pointed;  C,  =  1.032.  Tests  on  submerged  perforated  serca^ 
12  in.  square  and  0.30  in.  thick,  gave  ooeffidents  corresponding  to  the  flo* 
throt^  orifioes  in  thin  plates.  With  f-in.  holes,  spaced  2)  in.  <Ht  sentM^ 
C,  -  0.640.  With  i-in.  holes,  spaced  )  in.  on  centers,  C.  -  0.758.— (HeniT 
Ryon,  "Cornell  Civil  Engineer,"  Deo,,  1910.) 


cular  aluice  gates. 

Gates  and  Valves. — Loss  thromh  Reducer  and  Gate.  The  loss  througli  * 
24-in.  gate  valve,  with  conical  sections  od  each  cud,  connecting  it  to  the  42- 
in.  wood-staye  pipe  line  at  Atlantic  City,  is  about  0,11  ft.,  when  canyiiigS^ 
mgd.  by  test.— (Kenneth  Allen,  Jl.  N.  E.  W.  W.  Assn.,  Dec.,  1904). 

toss  through  Coffin  Sluice  Gates.  (Prepared  by  Freeman  C.  Coffin,  M.  Am. 
Soc.  C.  E.)  Diflgrsms  (Fig.  342)  are  not  deai({ned  as  a  basis  for  the  mesMm- 
ment  of  water  in  any  other  way  than  as  an  approximation.  Sluice  gata  ue 
set  under  a  great  variety  of  conditions;  soinctimes  flat  on  the  face  o£  s  thick 
masonry  wall,  when  the  conditions  of  a  short  tube  are  approidmated ;  at  otha 
times  flat  on  a  thin  wall  where  the  conditions  are  nearer  those  of  anorifitt; 
again,  on  the  end  of  a  pipe,  and  the  actual  coeflicient  of  dischai^  perhaia 
ranges  from  0.60  to  0.S0.    The  coefficient  used,  0.67,  suite  the  varying  oon£- 
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ns  as  weH  as  any  uniform  coefficient  can.  These  diagrams  indicate  the  size 
gate  which  can  be  used  with  safety;  the  discharge  through  the  given  gate 
3ning  ufnder  the  specified  head;  and  the  loss  of  head  through  the  given 
;e  opening  for  a  specified  discharge.  Refinements  and  close  estimations 
discharge  or  loss  of  head  are  not  required,  as  the  regular  sizes  of  sluice 
les  vary  by  a  considerable  margin,  and  it  is  wise  when  in  doubt  to  use  the 
^r  size.  For  heads  and  quantities  not  given  exactly  in  the  diagram,  if 
aight-line  interpolation  is  not  sufficiently  accurate,  use  following  methods: 
Where  the  head  is  given  and  the  discharge  required,  find  the  discharge 

3  to  an  assumed  head  in  the  diagram,  and  use  the  formula :  I  — j-r — 3 )  * 

^      '  Xassumed  head/ 

discharge  due  to  assumed  head  =  required  discharge.  What  is  the  dis- 
irge  of  a  12-in.  by  16-in.  sluice  gate  with  a  loss  of  head  of  7  ft.?  Assume 
>ss  of  head  of  10  ft.  and  get  corresponding  discharge  from  the  gate  =  10,160 
.  per  min.  Then,  (A)*=  0.836.  0.836  X  10,160  =  8500  gal.  per  min.  (2) 
len  the  discharge  is  given  and  the  loss  of  head  required,  find  the  loss  due 
an   assumed   discharge   given   in   the   diagram   and   use   the  formula 

3— r; — 77^ — )  X  loss  of  head  due  to  assumed  discharge  =  loss  of  head 

ssumed  discharge/  ® 

given  discharge.  What  is  the  loss  of  head  due  to  a  discharge  of  35,000  gals, 
r  min.  through  a  48-in.  circular  sluice  gate?     Assume  the  discharge  for  a  loss 

head  of  2  ft.,  namely,  43,000  gals.    Then  (tqqqq)  '  =  0.667 ;  0.667  X  2  =  1 .334 

,  loss  of  head  for  a  discharge  of  35,000  gals.    See  also  p.  424. 

Flow  in  CapiUary  Tubes  (Hazen).t    V  =  csd^  (    ^^    ) ;  c  being  a  coeffi- 

nt  (average  value =495),  8  the  slope,  d  the  diam.  in  inches  and  t;= velocity, 

per  sec.    i  is  temperature  in  degrees  F.    The  factor  (-—^tt-)  was  deduced 

m  experiments  at  Lawrence  to  represent  the  flow  of  water,  at  different 
iperatures,  through  capillary  tubes.  It  also  represents  the  relative  rates  at 
ich  water  passes  through  sand,  and  at  which  silt  settles  through  quiet 
ter.  This  term  is  more  convenient  for  practical  use  than  the  conventional 
tor  of  Poiseuille  (see  p.  79)  and  is  sufficiently  accurate. 

T.  A.  8.  C.  E.,  Vol.  51,  1903,  p.  317. 
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PART  VI 

VTERIALS  AND  MISCELLANY 


CHAPTER  XXVI 


MASONRY  AND  PUDDLE 
CONCRETE 

jT  of  Cement.  Experiments  at  the  laboratory  of  the  Catskill  aque- 
f  showed  that  Portland  cement  in  lean  concrete  through  which 
n)  water  had  percolated  for  nearly  2  yrs.  was  dissolved  to  such  ex- 
c  strength  of  the  concrete  was  only  20  to  35  per  cent,  of  normal 
5  of  the  given  age  and  mixture.  The  sand  was  standard  crushed 
:he  coarse  aggregates  included  glass  at  one  extreme  of  a  series  of 
nd  a  soluble  limestone  at  the  other.  The  aggregates  were  un- 
seemed  to  have  had  no  effect  on  the  result.  Specimens  through 
reatest  quantity  of  water  had  passed  were  weakest.  The  propor- 
concretes  were  1 : 3  J  :  6. 

p  mortar  or  concrete  in  hydraulic  structures  may  be  coarse,  medium 
nust  not  have  grains  of  uniform  size  nor  a  large  proportion  of  sub- 
le  size;  a  gradation  from  coarse  to  fine  which  has  minimum  voids 
ains  should  be  hard,  durable  material,  with  not  more  than' 3  per 
c  matter  or  5  per  cent.  clay.  Dirty  sand  should  be  washed;  too 
d  should  be  mixed  with  other.  Some  sands  apparently  clean  will 
od  mortar,  some  ingredient  interfering  with  the  setting  of  cement; 
per  cent,  is  sometimes  troublesome.     Sand  which  it  is  impossible 

3.     Standards  for  Classification  of  Gravels  and  Sands  by  Sizes  f 


CorrcHponding  diam. 

1 

mm.                        '                          in. 

ol 

50.0      to  5.0 
5.0      tol.O 
1.0      toO.5 
0.5      toO.25 
0.25    to  0.10 
0.10    to0.05 
0.05    to  0.01 
0.01    to  0.005 
0.005  to  0.0001 

1.97      too. 20 
0.20      to0.04 
0.04      to  0.02 
0.02      toO.Ol 
0.01      to0.004 
0.004    toO.002 
0.002    to  0.0004 
0.0004  to  0.0002 

I 

id 

md 

3ur 

June  12,  19  and  20,  1915.  articles  by  C.  M.  Chapman  and  N.  C.  Johnson. 
ng-Freeman,  "  Hcport  of  Conmiituiion  on  Additional  Water  Supply  for  the  City  of 
03. 
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to  use  with  one  brand  of  cement  will  sometimes  give  satisfactory  results  with 
another  brand.  Some  mortars  and  concretes  which  harden  very  slowly  ulti- 
mately become  ver}"  strong.  Best  determination  is  to  make  large  test  cylin- 
ders or  cubes  of  concrete  or  mortar  with  the  sand  and  cement  which  it  is  ex- 
pected to  use.     For  cylinders  8  in.  in  diam.,  length  16  in.  is  standard. 

Sizes  of  Separation  of  Screens  for  Sand,  By  size  of  separation  is  meant 
the  diam.  of  a  sphere  equivalent  in  volume  to  the  grain  which  will  barely 
pass  through.  Due  to  inaccuracies  of  making,  any  sieve  may  vary  15  per 
cent,  from  above.     Every  sieve  should  be  rated. 

Proportioning  Concrete.'*'  The  "Ideal  curve"  of  Taylor  and  Thompsonf 
as  a  guide  for  concrete  on  hydraulic  work  is  limited  in  application  because: 
(1)  the  percentage  of  cement  has  often  been  fixed  by  specification  irrespective 
of  the  character  of  the  aggregates  (it  should  not  be) ;  (2)  there  are  few  pUc« 
where  more  than  one  source  of  sand  and  stone  is  available,  allowing  small 
choice  in  aggregates;  (3)  grading  material  by  screening  the  stone  into  several 
sizes  is  generally  ilnpracticable.  The  proportion  of  sand  determined  by  the 
"ideal  curve"  must  be  increased  to  get  a  plastic  mix.  Where  water-tighines 
is  of  primary  importance,  proportion  the  concrete  so  that  the  mortar  is  in 
excess  of  the  voids  in  the  large  aggregate  by  15  to  20  per  cent,  (sufficient  to 
make  the  mixture  plastic  and  to  compensate  for  irregular  mixing  and  placing). 
The  density  test  is  the  most  scientific  method  of  determining  proportions. 
Make  up  trial  mixtures  of  the  materials  to  be  used,  according  to  the  consistence 
intended.  The  materials  are  carefully  weighed  and  mixed,  and  a  batch  placed 
in  an  8-in.  wrought-iron  pipe  10  in.  long  capped  at  one  end,  and  the  hight  of 
concrete  noted.  Several  batches  should  be  tried  in  which  the  weights  of 
cement  and  water,  and  the  total  weight  of  aggregators  remain  constant,  but 
the  proportion  of  sand  to  stone  is  varied.  That  proportion  is  densest  which 
gives  the  smallest  volume  of  concrete.  Use  the  proportion  nearest  this,  which 
at  the  same  time  looks  well  and  works  smoothly.  Measurements  on  const^l^ 
tion  work  show  a  tendency  to  run  up  the  proportion  of  sand,  as  this  facilitates 
mixing  and  placing. 

Tufa  Cement.  Sometimes  tufa  is  calcareous  deposit,  but  that  described 
here  is  of  volcanic  origin.  It  is  of  grayish  or  creamy  color,  and  of  low  specific 
gravity  in  rock  form.  As  tufa  is  light  and  easily  crushed,  the  grinding 
machinery  is  choap.  Testa  and  field  ex|>erience  on  the  Los  Angeles  aqueduct, 
show  the  tufa  cement  to  be  as  strong  and  as  satisfactory  generally  as  strai^t 
cement  when  used  in  concrete,  and  very  much  cheaper  as  tufa  deposits  were 
found  along  the  line.  When  mixed  with  lime  it  makes  a  strong  hydraulic 
cement.  Clonerally,  it  was  used  in  equal  volumes  with  Portland  cement, 
mixed  by  regrinding  together. — (J.  I^.  Lippincott,  T.  A.  Soc.  C.  E.,  Vol.  75, 
1013.) 

Durability  of  Concrete.  In  1 848  the  Erie  Railroad  built  Stamicca  \Taduct, 
using  over  l{K)()cu.  yd.  of  1 : 1.5:3.5  Rosendale  cement  concrete.  F.L.Stuart, 
(^hiof  iMigineor,  stated  that  an  examination  in  1907  showed  the  concrete  in 
good  preservation.     The  Department  of  Docks  and  Ferries,  New  York  City, 

*  Sco  i:.  H.     Jnn   23.  Fr-h  0.  13  and  27,  and  Mar.  6  and  13,  1915.  articlea  by  N.  C.  JohwoB. 

t  "Concrrtc.  Plain  and  Roinforced."  p.  776,  1909. 
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permeability  increased  slowly  until  about  11  per  oani.  was  reached,  nbenUie 
permeability  increased  rapidly.    Proper  grading  of  the  aggrogatea  ia  aaolkr 
important  condition.    High  percentages  of  fine  partides  produea  a  dedded 
reduction  in  permeability,  while  tests  with  natural  sand,  of  whisli  25  per  ecai 
was  finer  than  0.01  in.  and  10  per  cent,  finer  than  0;006  in.  in  diain.|  in  a  1  :l 
mortar,  resulted  in  practical  impermeability.    When  made  from  broken  stoH 
and  screenings,  concrete  is  more  permeable  than  when  made  fmn  graTel  aad 
natural  sand.    Concrete  is  more  permeable  in  a  direction  paraMd  to  its  bed 
than  perpendicular  thereto.    The  dense  skin  formed  on  the  suifaee  of  the 
concrete  was  found  to  have  a  very  important  effect  on  permeability.    LeaksiB 
through  specimens  6  in.  thick,  from  which  the  surface  dun  had  been  removB^ 
was  much  greater  than  through  specimens  otherwise  similar,  the  suifaM  rf 
which  was  undisturbed.    Studies  were  made  of  ihe  effects  of  various  matcriib 
incorporated  in  the  matrix  of  the  concrete  in  reducing  permeability,  indudig 
clays,  hydrated  lime  and  puszolan  and  sand  cements,  these  two  cements  bca| 
more  finely  ground  than  Portland.    The  condusion  was  reached  that  ooocRli; 
practically  impervious  under  a  head  of  200  ft.,  could  be  produced  with  uj 
of  these  materials,  but  that  equally  good  results  can  be  secured  at  no  grialer 
cost  by  using  sufficient  Portland  cement,  the  latter  method  having  the  advs- 
tage  of  increasing  the  strength,  while  other  materials  usually  reduee  it  ii- 
other  very  important  detail  is  to  keep  the  concrete  thoroughly  wet  from  tki 
time  it  begins  to  harden  until  it  is  about  2  weeks  old,  and  to  protect  it  fronthi 
hot  sun.    Concrete  should  not  merely  be  lightly  sprinkled  oecaskmilly,  M 
thoroughly  wet,  and  not  permitted  to  dry  out  for  about  the  period  named, 
depending    upon  temperature,   humidity,    thickness   of^  mass    and  othff 
local  conditions.    Prolonged  and  thorough  mixing  is  important,  but  evra  moit 
important  is  scrupulous  care  in  placing  so  as  to  avoid  all  porous  or  hooey- 
combed  spots. 

Tests  on  lean  concrete  mixes  for  drainage  blocks  showed  that  no  coooete 
of  sufficient  strength  to  be  handled  in  blocks,  can  be  depended  upon  to  be 
permeable  enough  to  act  as  a  free  drain.  Horizontal  stratum  of  relatively 
impermeable  concrete  is  formed  at  the  bottom  of  the  block  mold,  which  flbooU 
be  chipped  off  to  obtain  the  greatest  permeability. 

Waterproofing  Concrete.  See  also  under  Tanks,  pp.  523  and  524.  IM 
Concrete,  Permeability  may  be  decreased  by  proper  mixing.  The  richerf 
concrete  up  to  a  certain  point  shows  the  least  permeability;  mixes  richer  thtf 
1 :3  arc  liable  to  crack.  Permeable  concrete  tends  to  become  tight  after  tk 
passage  of  wat«r  through  it.  The  mix  should  be  such  as  to  secure  dense  cct* 
Crete  with  excess  of  mortar.  Thorough  mixing  produces  a  homogeneous  mi*- 
Wet  mixes  are  tighter  than  dry,  if  not  excessively  wet.  1:3  to  1:6  mixture* 
have  given  satisfactory  results. 

Surface  Coatings.  Rich  surface  coatings  of  1:1  or  1 :2  mortar  are  oft* 
applied  to  horizontal  or  inclined  surfaces.  Concrete  should  be  surfaced  wide 
green  and  the  coating  troweled  in  place  to  produce  a  thickness  of  J  in.  to  lit 
Heat  causes  crazing.  Such  coatings  may  be  good  for  submerged  surfaotfv 
reser\'oirs.  Plastering  on  concrete,  however,  is  rarely  successful  unleoB  do* 
by  specially  skilled  workmen  with  faithful  attention  to  numerous  detiik 
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concrete  or  any  concrete  which  has  not  been  exposed  to  weather  for  a  time. 
Free  lime,  not  thoroughly  weathered  out,  will  saponify  the  oil,  destroying  iti 
adhesive  power,  and  the  paint  will  soon  scale  off.  As  it  is  difficult  to  determine 
when  free  lime  is  out  of  concrete,  it  is  safer  to  avoid  linseed  oil  paints,  in  dizeet 
contact  with  concrete.  Chas.  MacNichol,  in  Trans.  Am.  Soc.  Testing  Mate- 
rials, 1910,  describes  his  method:  After  concrete  has  thoroughly  set,  give  it  a 
priming  coat  of  a  solution  of  zinc  sulphate,  8  lbs.  to  a  gallon  of  water,  Bp^Hkd 
with  a  brush.  After  priming  coat  is  dry,  linseed  oil  may  be  put  on.  Sevenl 
years'  use  with  satisfactory  results  are  claimed.  For  all  paints,  an  alkali-proof 
size  is  desirable. — (Cement  Age,  Feb.,  1911.) 

Incorporated  Waterproofing.    I.  0.  Baker  (Cone.  Eng.,  Feb.,  1910)  says  that 
the  safer  practice  is  to  dissolve  both  the  aliun  and  soap  in  the  mixing  water, 
1  part  alum  to  2  parts  hard  soap  by  weight — any  reasonably  pure  soap.   Ab 
not  more  than  3  per  cent,  hard  soap  can  be  dissolved  in  cold  water,  the  alum  is 
limited  to  1.5  per  cent,  of  water  weight.    Prof.  Baker  also  gives  the  following 
formula  in  his  "  Masonry  Construction:"  1  per  cent,  by  weight  of  alum  is  added 
to  dry  cement  and  sand;  1  per  cent,  potash  soap  or  ordinary  soft  soap  is  dis- 
solved in  the  mixing  water.    An  insoluble  compoimd  results.    W.  K.  Hatt  has 
successfully  used  5  per  cent,  solution  of  aliun  and  7  per  cent,  solution  of  soap, 
in  equal  parts  in  mixing  concrete.    Many  patented  compounds  are  on  the 
market,  claiming  that  by  addition  of  1  to  2  per  cent,  by  weight  to  cement,  per- 
meability is  reduced.    Many  of  these,  by  test,  have  proved  useless  or  worse; 
chemical  analyses  show  some  ingredients  to  be  impermanent  and  others  injuri- 
ous to  concrete.     Intelligent  selection  of  aggregates,  skillful,  thorough  mixing, 
careful  placing,  and  subsequent  protection  from  wind  and  sun,  and  keeping  wet 
for  about  2  weeks.,  are  the  best  means  for  making  concrete  water-tight.    (Much 
of  the  preceding  on  Waterproofing  is  from  "A  Treatise  on  Concrete,  Plain 
and  Reinforced,"  Taylor  and  Thompson,  1909. 

CYCLOPEAN  MASONRY 


To  procure  good  work,  following  conditions  are  essential :  Concrete  should 
be  mixed  very  wet  and  should  always  be  dumped  in  a  low  spot  on  the  dam  or 
wall  so  that  the  water  is  confined  and  cannot  drain  out.  If  racking  is  used, 
small  rubble  walls  should  be  built  to  confine  the  concrete.  Fine  aggregate  for 
concrete  should  not  be  composed  entirely  of  rock  screenings,  as  this  does  not 
make  a  well-graded  mix,  and  forms  a  concrete  which  is  **bony,"  making  it  hard 
to  bed  the  large  stones;  such  concrete  does  not  retain  its  fluidity.  A  suitable 
quantity  of  well-graded  natural  sand  should  be  added  to  the  screenings.  Con- 
Crete  should  be  mixed  in  batches  and  should  be  placed  as  soon  after  mixuif 
as  possible,  otherwise  it  settles  in  the  bucket,  and  is  hard  to  dump.  Batches 
larger  than  2  yds.  arc  hard  to  work  over  and  spread.  Care  should  be  taken  I 
to  avoid  laying  stones  with  concave  beds  or  long  flat  projections,  such  stones 
being  hard  to  settle  into  the  concrete,  and  likely  to  entrain  air  and  water,  hi 
Barren  Jack  Dam,  Australia,  bond  of  cyclopean  masonry  was  increased  by  » 
system  of  units,  cruciform  in  shape,  with  area  of  1080  sq.  ft.  These  units  vary 
\  hight  from  9  to  15  ft.,  being  so  arranged  that  continuous  units  break  joint 
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in  drying.  Thoroughness  of  compacting  has  much  to  do  with  prevention  of 
cracks.  Puddle  should  not  be  allowed  to  dry  out;  if  work  suffers  long  inter- 
ruption, puddle  should  be  sprinkled  occasionally  with  water  or  covered  with 
canvas,  boards,  moist  earth  or  other  protection.  In  finished  structures,  puddle 
should  be  protected  by  earth,  masonry  or  stone  paving  so  that  it  will  not  be 
eroded  by  water,  dried  out,  or  exposed  to  frost.  For  the  Philadelphia  filter 
plants,  puddle  was  made  of  1  part  plastic  red  clay  from  Swedeland,  Pa.,  1  part 
red  clay  from  Delaware  City,  Del.,  and  2  parts  sandy  gravel  or  broken  stone 
smaller  than  f  in.  in  greatest  diam.  Clay  was  ground  in  pug  mills  to  reduce 
lumps  and  thoroughly  mixed  with  stone  or  gravel;  water  was  added  to  make 
stiff  paste.  While  plastic,  it  was  spread  in  an  8-in.  layer  on  a  prepared  earth 
bottom,  in  large  areas,  and  while  drying  repeatedly  rolled  with  grooved  rollexs 
weighing  )  ton  per  lin.  ft.  of  roller,  until  all  shrinkage  cracks  were  closed; 
thickness  was  reduced  to  6  in.  and  two  more  layers  added,  making  total  thick- 
ness, 12  in.  Such  puddle  was  very  impervious  and  strong.  The  concrete  of 
the  filter  bottoms  was  placed  on  it. 

Fanning  gives  the  following  formula  for  an  especially  dense,  strong  puddle, 
which  will  successfully  resist  water,  rodents  and  eels: 

Table  200.    Gravel-day  Puddle;  Proportions  of  Ingredients 


Materials 

Per   cent.  voiHa 

• 

Cu.  yda.  required 

Theoretically 

Practically 

Screened  coarse  gravel 

Fine  eravel 

28-30 
30 
33 

1.00 
0.28 
0.08 
0.03 
1.39 
1.00 

1.00 
0.35 
0.15 
0  20 
1.70 
1.30 

Sand 

Clav 

Total  materials 

Resulting  puddle 

In  practice,  7  measured  cartloads  of  coarse  gravel  mixed  with  3  of  fiw 
made  about  8  loads,  which  were  spread  in  2-in.  loose  layers  in  the  trench;  on 
the  gravel,  2  loads  of  clay  were  spread,  and  lumps  broken,  and  on  top  1  load 
of  sand.  Clay  loads  were  slightly  smaller  than  the  others.  This  triple 
layer,  thoroughly  mixed  with  a  harrow,  was  then  moistened  to  a  kneading 
consistence  and  thoroughly  compacted  into  a  solid  mass  by  a  2-ton  grooved 
or  ring  roller.  Such  puddle  may  cost  as  much  as  concrete  (a  larger  bulk  being 
used)  and  in  most  cases  would  not  be  as  satisfactory. 
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occluded  dross  down  to  the  minimum,  molten  metal  must  be  poured  quietij 
as  agitation  increases  the  mixture  of  dross.  Aluminum-bronse  castinfi 
undergo  excessive  shrinkage,  equal  to  steel.  Experimenters  found  shrinkife 
troubles  could  be  overcome  by  an  expert  molder,  if  sufficiently  large  risen 
and  gates  were  used,  and  the  casting  designed  free  from  sharp  comers.  Alum- 
inum-bronze is  claimed  to  be  the  most  homogeneous  of  known  bronies; 
crystallization  has  never  been  found. — (E.  N.,  Mar.  30,  1911.) 

Cracking  of  Brass  and  Bronze.  Pipes,  tubes,  bars,  bolts,  rods,  plates  and 
wires  of  common  brass,  manganese  bronze  and  naval  brass  sometimes  crack 
where  not  under  external  stress  and  for  no  apparent  reason.  The  cause,  80 
far  as  now  determined,  commonly  is:  Too  severe  cold  drawing  in  finishini, 
improper  heat  treatment,  or  lack  of  annealing,  or  wrong  methods  of  final 
fabrication.  Such  cracking  rarely  develops  within  1  month  of  manufacture, 
and  may  not  appear  for  several  months  or  even  years.  These  defects  should 
be  guarded  against  for  important  uses.  In  the  present  state  of  the  art,  the 
only  safeguard  seems  to  be  insistence  on  the  products  of  reliable  manufacturers, 
and  having  all  work,  especially  such  as  involves  any  heating  or  deforminK 
of  the  metal,  done  only  by  parties  experienced  and  skilled  in  the  particular 
kind  of  work  to  be  done.  The  standard  physical  and  chemical  tests  now  in 
use  do  not  detect  the  concealed  tendencies  to  the  defects  mentioned  above. 
Exposure  to  extreme  cold,  as  during  a  winter,  expedites  the  cracking.  Until 
the  Government,  some  association  of  manufacturers,  or  other  organiiation, 
shall  have  thoroughly  investigated  copper  alloys  so  as  to  determine  the  ri^t 
methods  of  manufacture  and  fabrication,  and  dependable  tests  for  inspection, 
manganese  bronze,  naval  brass,  common  and  other  brasses  must  be  used  with 
caution,  in  rolled,  drawn  and  similar  forms.  Castings  of  these  alloj^s,  so  far 
as  known,  are  subject  simply  to  the  usual  mishaps  of  the  founders'  art,  and  are 
very  useful  for  many  engineering  purposes.* 

In  view  of  such  behavior,  L.  D.  Van  Aken,  Supt.  National  Brass  &  Copper 
Co.,  recominonds  the  following  percentage:  copper,  60  to  63;  tin,  0.5  to  1.5; 
zinc,  remainder;  iron,  0.10,  maximum;  lead,  0.2,  maximum.  The  following 
physical  requirements  take  cognizance  of  the  size  of  the  metal: 


Diameter  or 
tbicknesH,  in. 

Pounds  per  aq.  in. 

Elongation 

Tensile  strenKth 

Elastic  limit 

Per  cent,  in  8  in.      ^"■*^^"'* 

J-1 

Over  1 

00,000 

58,000 
54,000 

27,000 
26,000 
25,000 

25 

28 
28 

34 
40 
40 

E.  R.,  Auk   22,  1914. 


Blackening  Brass  or  Bronze.  It  is  sometimes  desirable  to  blacken  artidei 
of  brass  or  bronze  to  avoid  tarnishing,  or  to  disguise  them  as  protection 
from  theft.  It  can  be  cheaply  accomplished  by  the  following  methods: 
(1)  oxidizing  in  a  flame,  as  a  Bunsen  burner;  (2)  copper  carbonate  process 


*  For  many  years,  brass  founders  have  repaired  defects  in  brass  and  bronxe  caatincs  by  * 
in"  or  other  procetut  of  w<>IdiiiK.    Some  recent  experiences  demonstrate  that  sxith  repairs  cannot  Mpa*> 
mitted  on  hollow  castings  to  contain  water  under  pressure.    If  made  by  a  man  of  rare  akiH  and  loaf 
ezperieuce,  the  repairs  may  be  successful,  provided  due  regard  is  had  for  all  tliecoiiditioosin«MliMii> 


^bunm 
caIUlOtb•pc^ 
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soft  waters  are  particularly  imsuited  for  conveyance  in  lead  pipes.  If  exposed 
to  clean,  soft  water  containing  the  normal  quantity  of  dissolved  oxygen,  the 
lead  is  oxidized  to  hydroxide,  which  dissolves;  the  waters  which  act  least  oo 
lead  are  those  which  contain  carbonate  of  lime,  phosphate  of  lime,  and,  in  a 
less  degree,  sulphate  of  lime.  Newman  quotes  various  experiments  to  Atom 
that  lead  water  pipes  should  be  kept  full  of  water  all  the  time  to  prevent  de- 
terioration. Since  lead  acts  as  a  cumulative  poison,  its  salts  produce  serious 
results  if  taken  into  the  human  system  even  in  very  minute  quantities  for  a 
length  of  time. 

Under  whatever  conditions  lead  withstands  water  or  acids,  bronzes  are 
similarly  unaffected,  while  under  other  common  conditions  in  which  bromei 
are  practically  untouched,  lead  would  be  destroyed.  Lead-lined  cast-iron 
pipe  has  been  destroyed  by  well-defined  electrolysis,  and  in  these  cases  the 
lead  was  eaten  through  as  well  as  the  iron  (or  steel).  Lead  affords  doubtful 
protection  to  iron  or  steel  water  pipes  and  under  some  conditions  might  pro?e 
a  disadvantage.  The  coefficient  of  expansion  of  lead  is  2.5  that  of  steel, 
hence  it  is  questionable  whether  in  large  pipes  or  specials,  lead  lining  would 
remain  in  absolute  contact.  The  high  specific  gravity  of  the  lead,  coupled 
with  its  great  expansion,  confers  a  tendency  to  work  downward  if  in  a  vertical 
or  sloping  position.  If  water  finds  its  way  between  the  steel  (or  iron)  and  the 
lead  lining,  lead  being  electropositive  to  steel,  energetic  galvanic  action  and 
rapid  corrosion  of  the  pipe  metal  would  follow. 

Cast  Iron  rusts  slowly  in  air  or  in  fresh  water,  but  is  rapidly  corroded  in 
salt  water  (see  p.  407)  in  which  it  gradually  becomes  soft.     Mallet  (Proc. 
Inst.  C.  E.,  Vol.  1,  1840)  found  that  the  rate  of  corrosion  decreased  with  the 
thickness  of  the  casting,  being  from  0.1  to  0.4  in.  in  depth  during  a  century  for 
castings  1  in.  thick.     Old  cast-iron  pipes  taken  up  or  cut  into  from  time  to 
time,  are  found  in  good  condition  in  many  localities;  old  pipe  thus  removed  is 
often  in  good  enough  condition  to  be  relaid.     Gas  companies  in  New  York  have 
had  practically  no  trouble  from  the  corrosion  of  cast-iron  pipe  except  to  a 
limited  extent  along  the  river  front.     All  mains  are  now  of  cast  iron.    Ex- 
perience with  wrought  iron,  and  more  particularly  with  steel,  pipe  has  been 
unsatisfactory  on  account  of  corrosion.     At  Rochester,  N.  Y.,  no  rust  leaks  hA<l 
occurred  in  a  cast-iron  conduit  14J  miles  long  after  32  yrs.'  service.    Dur- 
ing the  same  period  in  a  wrought-iron  conduit  13  miles  long,  there  had  been 
seven  rust  leaks,  whereas  in  a  parallel  steel  conduit  29  miles  long,  given  the 
best  protective  coatings  then  known,  passing  through  the  same  kind  officii 
and  thus  su])jecte(l  i)ractically  to  the  same  conditions,  there  were  164  rurt 
leaks  in  IG  yrs.,  or  one-half  the  period  of  service  of  the  cast-iron  conduit. 

Experience  seems  to  show  that  cast-iron  resists  corrosion  better  than 
either  wrought-iron  or  steel.  Cavallier,  director  of  foundries  at  Pont-»- 
Mouson,  France,  mentions  an  intake  pipe  at  Paris,  extending  into  the  rivtf 
Seine,  laid  in  1802.  Taken  up  after  more  than  a  century  of  immersioDirt  | 
was  fourul  to  i)e  in  fine  condition.  The  same  authority  rei>orts  that  the 
fountains  at  \'ersaill(»s  are  supplied  through  cast-iron  pipes  laid  in  16W. 
(Jl.  N.  E.  W.  W.  Assn.,  June,  1904.)  For  external  corrosion,  see  Trans.  Am- 
Soc.  C.  E.,  Vol.  78,  1915,  p.  806. 
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reweighed.  All  showed  more  or  less  oxidation,  Monel  metal  presenting  th^ 
least  change  in  appearance.  They  were  reembedded  for  6  months  in  the 
same  earth,  and  kept  moist  by  the  addition  of  Croton  water  alone  (table  201). 
Alloys  Embedded  in  Concrete  and  Submerged.  The  specimens  were 
partially  embedded  in  concrete.blocks,  and  immersed  in  Esopus  Creek,  Catskill 
Mts.,  N.  Y.,  May  18,  1908,  and  removed  Aug.  4,  1910.  The  most  corrodibk 
specimen  lost  at  an  average  rate  of  114  millionths  in.  per  year,  based  on  the 
average  loss  over  the  whole  surface  of  each  specimen,  determined  by  carefoi 
weighing  before  and  after  the  test.  At  this  rate  it  would  require  1100  yrs.  to 
corrode  off  i  in.;  it  would  take  4600  yrs.  to  corrode  off  i  in.  of  the  least  corrod- 
ible.  Specimens  embedded  in  the  richer  concrete  were  corroded  more  than 
those  in  the  leaner  concrete.  This  suggests  that  the  cement  accelerated  the 
corrosion.  Corrosion  of  the  embedded  portions  may  have  been  50  per  cent 
greater  than  stated,  and  that  of  the  exposed  portion  correspondingly  leas. 
The  chemical  compositions  of  these  alloys  are  as  follows: 

Table  202.     Chemical  Compositions  of  Copper  Alloys.    Tested  for  CofToskmia 

Catskill  Aqueduct  Laboratory 


Name  of  alloy 

Copper 

Zinc 

Tin 

Lead 

Nickel 

Iron 

Man- 

ganeoe 

Phoa- 
phorua 

Speeifie 
gravitj 

Muntz  metal .... 
Parson's  mangan- 
ese bronze. 
Tobin  bronze .... 
Phosphor  bronze. 
Monel  metal 

59.16 
58.92 

60.65 
93 .  77 
26.40 

40.36 
39.48 

38.71 

i.59 

0.96" 

0.49 
6.04 

0.41 
0.12 

0.49 
trace 

0.07 
0.57 

0  06 

8.41 
8.41 

8.43 
8.93 
8.83 

0.01 

'.'..'.'.'.  6.02 
69.55'  2  46 

'0.17' 

Round  rods,  J  in.  by  0  in.,  placed  in  6-in.  concrete  cubes  two-thirds  their 
lengths,  Apr.  1,  1008.  Concrete  mix:  1:1  J:3  and  1 : 3 : 6,  with  a  specimen  of 
each  metal  embedded  in  a  cube  of  each  mix.  Cement:  Giant  Portland  with 
the  following  chemical  analysis:  SiOs,  23.74  per  cent.;  FcjOi,  1.86;  AljOj, 
5.04;  CaO,  61.83;  MgO,  3.63;  SO3,  1.44;  alkalies,  water,  COj,  etc.,  2.46. 
Sand  was  from  Cow  Bay,  Long  Island,  passing  No.  4  sieve.  Gravel  was  from 
the  same  place,  running  from  I  §  in.  to  No.  4  sieve  in  size.  The  following  is  an 
analysis  (expressed  in  parts  per  million)  of  Esopus  Creek  water,  taken  0.5  ft. 
below  the  surface,  on  Sept.  7,  1908:  Nitrogen  as  nitrites,  0.002;  as  free 
ammonia,  0.004;  as  albuminoid  ammonia,  0.016;  as  nitrates,  0.1;  total  solids, 
51;  loss  on  ignition,  10;  iron,  0.1;  chlorine,  1.10;  alkalinity,  18.50;  hardness, 
27.30.     ('olor  test  gave  10;  turbidity,' plus,  and  odor  very  faint,  earthy. 

Table  203.      Loss  by  Corrosion  of  Copper  Alloys  in  Concrete  (in  2  Trs.  tnd  % 

Months) 


Alioy 

Concrete  mix,  1 :  1  i :  3 

Concrete  mix,  1:3:6 

Weight,  grams 

Thickncsa, 

mill  ion  tha  of 

an  inch 

Thickan*. 
Weight,  grama     millionth^  oi 

an  inch 

Muntz  metal 

Parson's  manganese  bronze. 

Tobin  bronze 

Phosphor  bronze 

Monel  metal 

0.25 
0  23 
0.21 
0.12 
0.07 

214 

179 

180 

97 

59 

0.29 
0.19 
0.14 
0.08 
0.04 

^48 

163 

122 

65 

33 
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yrs.  were  in  a  badly  rusted  condition;  they  were  cleaned  and  coated  on  the 
inside  with  1 : 1  Portland  cement  mortar.  The  cleaning  and  coating  were  done 
in  8  hrs.,  water  being  pumped  the  other  16.  After  some  trouble,  pipe  was 
'  finally  coated  in  a  satisfactory  manner.  (Report,  Louisville  Water  Co., 
1883,  p.  22.)  C.  Herman  says  that  this  standpipe  blew  down  in  March,  1890; 
cement  lining  was  in  perfect  condition  and  rust  action  completely  stopped. 
Cement  paint  is  largely  used  by  railways  in  France  on  bridges,  the  iron  being 
brushed,  dampened  and  given  2  coats  of  cement  and  sand.  Dr.  Goslicfa 
states  that  iron  spirit  tanks,  painted  inside  with  Portland  cement,  are  univers- 
ally employed  in  European  distilleries.  (S.  B.  Newberry,  Assoc.  Expanded 
Metal  Soc,  Chicago,  111.,  Feb.  20,  1902.)  L.  L.  Buck  argues  that  limestone 
•Aggregate  should  not  be  used  in  concrete  which  is  to  come  into  contact  with 
steel,  as  a  soluble  stone  in  contact  with  the  steel  may  be  reached  by  the  water, 
and  a  cavity  J  to  J  in.  deep  formed. — (Trans.  Am.  Soc.  C.  E.,  Vol.  30, 1898, 
p.  31.) 

Painting  Steel  Work.    A  good  paint  for  the  first  coat  consists  of  20  Ibe.  of 
red  lead  and  1  lb.  of  lampblack  in  about  3  qts.  boiled  linseed  oil,  the  red  lead 
and  lampblack  being  ground  in.     This  will  suffice  to  cover  50  sq.  yd.    For  the 
other  coats  some  durable  oil  or  asphaltum  paint  should  be  used.     For  painting 
iron  or  steel  work  a  good  formula  is:  1  coat  red  lead  in  oU,  1  coat  elastic 
paint,  1  coat  or  more  of  desired  color  containing  zinc  oxide  (40  p>er  cent.),  lead 
oxide  (50  per  cent.),  and  asbestos  filler  (10  per  cent.).    When  repainting,  all 
metal  surfaces  should  first  be  carefully  cleaned  by  a  sand  blast  or  by  steel 
brushes  and  scrapers  (good  scrapers  can  be  made  by  drawing  the  temper  from 
old  files,  and  sharpening  like  chisels).     Rust  spots  should  be  removed  even  if 
considerable  time  be  required,  for  if  such  spots  are  covered  by  paint,  corro- 
sion will  still  continue  underneath  and  as  the  rust  swells  it  will  blister  and  push 
off  the  paint.     Paint  will  harden  better  if  applied  when  the  metal  is  warm, 
and  in  any  event  the  metal  should  be  thoroughly  dry.    A  steam  hose  is  useful 
for  drying  steel  work. 

Flange  Joints :  Gaskets.  For  bronze  flanges  under  great  pressure  where 
durability  was  essential,  soft  lead  wire  gaskets  were  adopted  on  Catskill  aque- 
duct. Table  203a  gives  result.s  of  some  tests.  **Enduro"  and  "Velumoid" 
paper  gaskets  have  also  been  used  successfully. 

Table  203a.    Lead  and  Copper  Wire  Gaskets :  Compression  Tests 


Material 


Initial 

diam. 

in. 


Length,  in. 


Initial    !     Final 


Load,  lbs. 


Initial 


Final 


Final 
thick-  ; 
nes9, 
in. 


Remarks 


I^ad 

Lead 

Lead 

Lead 

Lead 

Annealed    f 
Copper     \ 


0.387 
0.500 
0 .  382 
0 .  383 
0.499 
0.311 
0.311 


5 

0 

5 

0 

5 

0 

2 

47 

.50 

5 

01 

5 

0 

2 
2 


52 
67 


2,310 
2.970 
2.300 
1.000 
1.500 
3,490 
8.000 


10,150 
26.600 
10.000 
14,000 
12.000 
70.000 
64.000 


0.250 
0.253 
0.253 
0.253 
0.252 
0.253 
0.250 


Down  flat 
Down  flat 
Down  flat 
Down  flat 
Down  flat 


Each  M 

(5to8loiw«' 

on  1  mm 


Wrought-iron  bolts  and  iron  work  in  foundations  of  Third  Ave.  Bridg^i 
New  York,  put  in  before  1860  were  taken  out  in  1894  in  perfect  condition, 
grease  being  still  on  the  threads,  continuously  submerged  in  salt  water.  Nuts 
were  easily  started  with  wTcnch  (J.  B.  Goldsborough). 
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1  in.  per  hr.  on  1  acre  «  0.652  mgd.  =  1.0066  cfs.  «-2.0  acre-ft.  per  day. 

1  in.  per  hr.  on  1  sq.  mi.  «=  417.15  mgd.  «  645.333  cfs.  «  1280  acre^ 
per  day. 

1  in.  per  month  on  1  sq.  mi.  =  0.896  cfs.  per  sq.  mi.  »  0.6  mgd.  per  sq.  ml 

1  in.  per  sq.  mi.  per  day  =  26.8889  cfs.  (nearly  27). 

Miner's  inch  is  defined  as  the  quantity  of  water  that  will  pass  throogh 
an  orifice  1  sq.  in.  in  cross-section  under  a  head  given  in  various  locaiitiei 
as  4  to  6|  in.  to  the  center  of  the  orifice.  In  states  where  the  mineral 
inch  is  defined  by  statute,  it  varies  from  ^  to  ^^^^  cu.  ft.  per  sec.  It  is  gdng 
out  of  use,  being  superseded  by  cu.  ft.  per  sec.  and  gals,  per  min. 

Hogsheads,  Hurst's  rule.  Capacity  in  U.  S.  gals. «  0.0017f(P+m)*  when 
P  =  product  of  inside  diam.  at  the  heads,  inches;  for  equal  diam.,  d,  P  ^d^. 
m  =  inside  diam.,  inches,  at  the  bung.  I  =  length,  inches,  between  iaridei 
of  heads. 

Table  204.    Converting  Discharge  in  Second-feet  per  Square  MUe  into  Rvn- 

o£f  in  Depth  in  Inches  over  the  Area* 


Discharge  in 
sec.-ft.  per  sq.  mi. 

Run-off  in  inches 

Iday 

28  days 

20  days 

30  days 

Sldsyi 

1 

2 
3 
4 

5 
6 
7 

8 
9 

0.03719 
0.07438 
0.11157 
0.14876 

0.18595 
0.22314 
0 . 26033 
0.29752 
0.33471 

1.041 
2.083 
3.124 
4.165 

5.207 
6.248 
7.289 
8.330 
9.372 

1.079 
2.157 
3.236 
4.314 

5.393 
6.471 
7.550 
8.628 
9.707 

1.116 
2.231 
3.347 
4.463 

5.578 
6.694 
7.809 
8.926 
10.041 

1.153 
2.306 
3.459 
4.612 

5.764 
6.917 
8.070 
9.223 
10.376 

Note.    F*or  partial  month,  multiply  the  values  for  1  day  by  the  number  of  days. 

Table  205.     Converting  Discharge  in  Second-feet  into  Run-off  in  Acre-laet* 


Discharge  in 

80C.-ft. 


Run-off  in  aore-ft. 


1 
2 
3 
4 

5 
6 
7 

8 
9 


1  day 

1.983 
3.967 
5.950 
7.934 

9.917 
11.90 
13.88 
15.87 
17.85 


28  days 


20  days 


aodajrs 


31d>7> 


55 .  54 
111.1 
166.6 
222.1 

277.7 
333 . 2 
388.8 
444.3 
499.8 


57.52 
115.0 
172.6 
230.1 

287.6 
345.2 
402.6 
460.2 
517.7 


59.50 
119.0 
178.5 
238.0 

297.5 
357.0 
416.5 
476.0 
535.5 


61.49 
123.0 
1S4.5 
246.0 

307.4 
368.9 
430.4 
491.9 
553.4 


Note.    For  partial  month,  multiply  values  for  1  day  by  the  number  of  days. 

VELOCITY 

1  ft.  per  soc.  =  0.682  mi.  per  hr. 

1  mi.  per  hr.  =  1.407  ft.  per  sec.  =  88  ft.  per  min. 

•Extracts  from  Water-Supply  Paper  324,  Surface  Water  Supplt  of  tb«  Unitei)  8tat»^ 
1912.  Part  IV.    St.  Lawrence  Rfver  Basin;  by  C.  C.  Covebt,  A.  H.  HonoN  aitd  W.O.B©^ 
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POWER 

ip.  requires  8.80  sec.-ft.  falling  1  ft.  =  5.68  mgd.  falling  1  ft.* 
ngd.  falling  1  ft.  =  0.176  hp.* 
hp.  =  about  1  kw. 

!U.  ft.  per  sec.  falling  1  ft.  =  0.114  hp. 

,     ,  ,         ^                      ...      sec.-ft.  X  fall  in  ft.  ^  , 

'  calculate  water  power  quickly:  ^x =  ^6*  horsepower 

terwheel  realizing  80  per  cent,  of  the  theoretical  power. 


PRESSURE 

^  I 

t.  head  or  depth  of  water  =  0.433  lb.  per  sq.  in.  =  0.029  atmosphere!, 
b.  per  sq.  in.  =  2.307  ft.  of  water  =  0.068  atmosphere, 
ttmosphere  =  33.90  ft.  of  water  =»  14.7  lbs.  per  sq.  in. 
t.  water  column  =  0.883  in.  mercury, 
n.  merciuy  column  =  13.59  in,  water. 

Table   206.    Converting  Inches   Vacuum  into   Feet   Suction 


m 


Pt. 
suction 


In. 
vacuum 


Ft., 
suction 


In. 

vacuum 


Ft. 
suction 


In. 
vacuum 


Ft. 
suction 


0.28 
0.56 
0.85 
1.13 

1.41 


1 
1 
2 


70 
98 
27 


2.55 
2.84 
3.12 
3.41 

3.69 
3.98 
4.26 
4.54 

4.82 
5.11 
5.39 
5.67 

5.95 
6.23 
6.52 
6.80 

7.08 
7.37 
7.65 
7.94 

8.22 
8.50 
8.79 
9.07 


81 
8J 
8J 
9 


10 


1 


11 


12 


13 


14 


15 


16 


9.35 

9.64 

9.92 

10.21 

10.49 
10.77 
11.06 
11.34 

11.62 
11.90 
12.19 
12.47 

12.75 
13.04 
13.32 
13.61 

13.89 
14.18 
14.46 
14.74 

15.02 
15.31 
15.59 
15.88 

16.16 
16.45 
16.73 
17.01 

17.29 
17.57 
17.86 
18.14 


16i 


17 


18 


i 
J 

i 


19 

i 
i 

1 

20 


21 


i 

! 


22 


i 
i 

i 


23 


i 
J 
1 


24 


I 


18.42 
18.71 
18.99 
19.28 

19.56 
19.84 
20.13 
20.41 

20.70 
20.98 
21.27 
21.55 

21.83 
22.11 
22.40 
22.68 

22.96 
23.24 
23.53 
23.81 

24.09 
24.38 
24.66 
24.95 

25.23 
25.51 
25.80 
26.08 

26.36 
26.65 
26.93 
27.22 


241 
i 

1 

25 


26 


! 


i 

27 

•    i 

i 

i 

28 

i 
i 
1 


29 


i 

i 


27.50 
27.78 
28.07 
28.35 

28.63 
28.91 
29.20 
29.48 

29.76 
30.05 
30.33 
30.62 

30.90 
31.19 
31.47 
31.76 

32.03 
32.32 
32.60 
32.89 

33.17 
33.46 
33.74 


Boretioal,  100  per  cent  efficiency. 
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Tabltt  809.    Altitudes,  Buonwtw  and  mnd~(Contwiu«f) 


VtJodBrf 


Porto  Rico 

South  Carolina 
South  Dakota  . 

TenneBBee 

Tenneasee 

Tennessee 

Texas 

Utah 

Vermont 

Virginia 

Washington  . . . 
Washington  . . . 


San  Juan 

Charleston 

Ch  attanooga 

Knoxville 

Memphis 

Galveston 

Salt  Lake  City 

Burlington 

Richmond 

Seattle 

Spokane 


2ft  »7 

2fl  81 

;«i.H 

29.91 

2tt  ;« 

M  U 

w  ir 

•2».7t 

2tt  SI 

■M\  11 

M  8f 

2S.74 

2ft  Hfi 

2H  M 

Rfl  (H 

?ft  W 

31)  (H 

2fl  7* 

28.11 

27.86 

«  y«An;  rHord*  ^fv  fc  i**^ 


-fTabl«  310.    Equivalent  Measures  and  Weights  of  Water  at  4°  C.  (M.r  !■) 


No. 

1              U.  S.   gAk. 

Impel  inlMl>. 

Lite™ 

Cubic  ■«<« 

1                   0 

^ 

325.831 

271,4B9 

I.J33HM      J 

y 
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JO 

1-4 

3 

M 

-a 


:3 


I. 

a 

JS 

o 

Q 

o 


U 

01 


s 

■■§ 

u 

• 

CO 

vH 

«> 

01 

H 


i    -^ 


Mt»eo«^    o*o^t»eo    a>>o>H<»^    o(oeoa»<o    M9*oe«o    ooooo    OQQOOe 
<ocor*r*30     a>a»oo^     -^e^nnMf     iOiO<o«t»     oooooo*^     eoior«o»ci     ^oor?^ 


Me4e^MM     MMcoeoco     coeoeoeoeo     cocoeocoeo     eoeoco^^ 


»«<«€« 


a--, 


•J 


3 

o 


OB 

Si 


3 


^Mcoeo^    loioeh-i^    ooaoe*^    mcoco^iq 
cocococooo     cococococo     ooco^^^     ^"•'^'•'"•' 


$$!;39  sssss 


opopgo 


e><co^totQ     (or*aoa>o     FHe><eo^iO     «ot»aoao     '4C«eo<<i| 

^^^^^    ^^^^>Q    loudtoioiQ    lOiOMdioco    «o«o<of0r»    r»i«oooooo    ai90ioO"« 


;?s;t:;s  s:is^s  ss^ss  ssssss  gs$s;s  sssss  ggggSf 

>^e>ie«co9     ^ototor«     aoooo^     C4Cieo^*o     ^<or»009     *-i^09M     ^l^oeoM 

»»••.*       »•»*»       »*»••       »»»»•       »»•»*      *  »  •  *  »      *  •  »  •  •  # 


WCOWCOCO       COCOWCOOO       CO  CO  w  ^  ^ 


^«««^      tOiOiO»0«      ««NNM* 


«O^NQ0O     CD^fCO'-Q     ^trCiSi!     ««^< 
r*aba»OQ     i-Nc^eo^iS     »o«r«aoab     Q*^e«i 


CO  CO  CO  ^  ' 


%%%%%  %%%n  isissi 


coeo^ictQ     <o«e>o»H    co^ceooo    04^09*^     «r«9e« 

S'-^e><eo^     *q^t^99     ^e^'eo^to     r^ocade«     co<«>or<^oi     C1^«hioa     ^ofABflC 
ifticioio    uSiQiOiOo     otDcDoe    (o««r^i^    t^t^r^KK    woeeioS    oe>«'«e«li 


%  ^      V  * 


iib^: 


<^^Mco^    locor^aoo     .n^cp^^     cq^iq^S;.    ^^SS^    ^^^beb     «»a«Bcai 

•  b  :*  ?• 


M«9co«     o^r^i^io     acor«^«     Q^a^eor*     c«i«P^«po     ^o^Ow}     o«OO*«<0 
®2^nn     52232^*^     m^<r>o9S     «««r»r«     ooooo»$5     fi*"*^fi9     aSS^S' 


dcocoeo^    ^lOioiDco    r^r»ooaea    opp^^    mm 


SSS^c!  IJSSSS  sssss;  S:SS8SS 


(or.r^«aft     o»oo<->ci     cico^^>o     cD«ot»«x     o»o^^e«     eo^^ioto     i<»eoa090^ 
^^^,14^     ^'Me>i'»ic4     cicicte^csi     (Ncie><e><ci     esicoeoeo'eo     foeoeooeeo     eoeOfe«o^« 


■^1 


Ml^Oh.       NXC09^       OtOCIGO««i       OCOMGO^      o4QQ>O^QQ       tOMAOCO 

^.^^^     ^ph,-i^,-i     Me>iMe><M     e><MciMC9     c9e«Mcie«     ricocqeoco 


S|SSS 


o?oor>.?5     O30»o?<o     t*»cco  — o>     t>.»ococ«o     aftoor»toi/»     ^cocoeoM     e«e«eoe«nei 

cic^<-HM'     coco'^ico     or^aooio     Qi-iMco«f     ^icor^iao     a)0«>4e«eo     ^tovr-oeo 

^riNC^C^       WC^MMN      -CIC^NWM       W  CO  CO  CO  CO       COCOCOCOCO       CO^^^^       <««9w« 


^    «    « 


S  ^»***  **^v^  «"»_*^*  %*^»*  »»    ^^       *  5    5    5    5    5 

g«^     c^e^co^     »cc»>»xo     »-"»-ic^c»<     cofoct^.     xaft<-<^o     •^wco^io 
/-»         ^'  5*  »i' 


5  5  5  5  fe^ 


'CXO^^M     ^*fit^Ci^     cotor^o-^     co>oxQ<M     lor^iQcotQ     3C^<«r«o     cocoefCO 
_^^M?i     Nc^e^Mco     cococon^     ^<4>^«?bio     usioveo     or^t^t»aD     oSxSooS 


Cl  ^  «  -T  '^ 

r>.  ^  X  o  ?i 

lOXCOXCO 

o  »■•:  'f  M  — 

c«'««r>.oco 

ooaoo»e»o 

V4 

ssssss 

i-iMc^r<c^ 

c<  CO  rococo 

C0<^<4i<««^ 

iCiCiO«0« 

(D(Oh-r^oo 

c^  ^  ro  •-<  o 
'^  X  o  « »o 
?<  M  fo  CO  ^^ 

M  »  »>.  »C  UO 

«0?0«0i 
CO  *f  ^  'J'  ^ 

lO  t-  ©  c>< « 
M «.';  X  ?i  lo 

».'5  kC  »C  tf  O 

00  M  lO  O  ^ 

3i^t^QOob 

00 

■        •        •        •        • 

•      ■      •      •      • 

•      •      •     %     •     • 

ooooo  ooooo  ooooo  ooooo  ooo< 


^r^  —  ox  r>. 'C  kC  Ci -<  'j'Xc^i^^  o»«oco»-Q  OP«^c9S  Oftcot^otap  *•-«■«*»* 
C)^^3>C'0  xoc>i^r»  9^«f«oo  ^f^Q^  soe^'^oo  *<*9a9C«9  onSe^* 
-^^<?»r4C^     Mcocortco     co-*^^"*     io»fticw»     ««t»t»i<»     Q0a6«eft9     OQO»*»*'* 


^'CxotN     u^i^oMi^    r^o?o«&o>     es>()oc40    e»C9«p^    veteoio    »«apiet*9 
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for  Depths  of  1  ft.  uid  1 


<]a.  iwr  [t.  dr'ptb:  5W  p«r  in.     Caparit 
iclugive  o[  «i*i(ht  a(  tank.    For  circi 
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Cold  Periods  in  U.  S.—(CorUinu€d). 

1867.         December.     - 10^  Wytheville,  Va. ;  St.  Paul,  -39*. 

1872.         December.     Chicago,  -23**;  Lunenburg,  Vt.,  -46*; 

1875.        January.     Fort  Garland,  GoL,    —40";  Logansport,  Ind.,   —30*;  New 

Haven,  -14". 
1875.        January  9.     -6",  New  York;  -12",  Pittsburgh;  -3*,  Washington. 
1904-5.    6"  to  8"  below  normal  for  Eastern  States. 

Breaking  up  of  Ice.    To  rupture  ice,  Asst.  Eng.  C.  R.  Adams,  U.  S.  G.  S., 
from  experimental  data,  computes  following  stream  gage  bights  required. 


a 


River  width,  ft. 


T 


lee  thicknees,  in. 


ChaniEe  in  cace  hi^U 


500 
500 
500 
500 
200 

200 
200 
100 
100 

100 
50 
50 
50 


6 
12 
24 
36 

6 

12 

24 

6 

12 

24 

6 

12 

24 


0.0005 
0.0015 
0.0077 
0.0172 
0.008 

0.012 
0.048 
0.012 
0.048 

0.191 
0.048 
0.191 
0.766 


Tensile  strength  taken  as  160  lbs.  per  sq.  in.,  shear.  86  lbs.  per  sq.  in.     E.  N.,  Feb.  2,  1911. 

Non-freezing  Mixtures.  A  glycerin  solution  of  3.5  lbs.  per  gallon  of  water 
will  not  freeze  at  +  10°  F.;  5.25  lbs.  at  -  10"  F.  Glycerin  has  no  effect  upon 
metals,  but  disintegrates  rubber;  the  continued  use  of  glycerin  in  water  renders 
it  liable  to  decomposition,  developing  compounds  having  corrosive  action  on 
metals.  Denatured  alcohol  does  not  injure  metal  or  rubber;  a  50  per  cent, 
solution  is  inflammable;  20  per  cent,  solution  will  withstand  —  10**;  30  per 
cent.,  —  15°;  40  per  cent.,  —  20°;    50  per  cent.,  —  35®. 

Table  216.    Freezing  Points,  Degrees  F.,  of  Solutions  of  Salt  (Sodium 

Chloride)  and  Calcium  Chloride 


Pounds  per  gal. 

Sodium  chloride 

1           Calcium  chloride 

1 

0.5 

4-24 

4-29 

1.0 

+  18 

4-27 

1  25 

4-15 

15 

4-12 

4-23 

1.75 

4-  9 

2.0 

4-  6 

-     4-18 

2  25 

4-  3 

2  5 

4-  1 

4-  4 

3.0 

-  3 

3  5 

-   8 

4-  6 

4.0 

4-17 

4.5 

4-27 

6.0 

4-39 

5.5 

4-64 
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dam,  the  reservoir  was  full  to  overflowing;  the  shock  caused  wetcb  3^  ft 
high;  no  injury  whatever  was  done.  Piedmont  dam,  only  a  few  months  oU, 
260  ft.  long  on  top,  maximum  hight  65  ft.,  both  slopes  1  on  2,  water  slope 
paved  with  6-in.  concrete  in  squares,  with  asphaltum  joints;  this  resenroir, 
just  filled  first  time,  had  a  rough  shaking  which  caused  6-in.  setUem^t  at 
center  and  a  few  small  transverse  and  longitudinal  cracks  near  one  end;  no 
cracking  of  the  concrete  occurred  nor  material  injury  of  any  character.  All 
dams  mentioned  were  built  by  spreading  in  thin  layers,  wetting  and  rollmg. 

Only  2  masonry  dams  (concrete)  are  in  this  vicinity,  San  Mateo  and 
Partola,  each  a  few  hundred  feet  from  the  fault  line  and  parallel  to  it.  Neither 
showed  evidence  of  injury  in  any  particular. 

Of  numerous  distribuUng  reservoirs,  mostly  lined  with  brick,  concrete, 
concrete  and  asphalt,  or  clay  puddle  protected  with  paving  stones,  only  Lake 
Honda,  33  mg.,  in  San  Francisco,  was  injured;  practically  wholly  in  excava- 
tion, with  a  lining  of  various  kinds  of  masonry,  it  was  broken  so  as  to  need 
repairs.  Slope  on  west  side  is  of  very  sandy  soil  supported  by  a  retaming 
wall,  consisting  of  brick  buttresses  with  horizontal  brick  arches  between,  and 
constituting  the  side  of  basin;  this  wall  ruptured  and  failed  by  shearing  near 
the  bottom  of  the  reservoir,  although  irregular  cracks  in  one  place  extended 
to  top. 

Many  pumping  stations  of  corrugated  steel  on  wood  frames  and  of  brick; 
machinery  and  boilers  on  good  masonry  foundations,  in  some  cases  on  pilee; 
individual  guyed,  steel  stacks,  with  2  or  3  exceptions  of  brick,  did  not  suffer 
any  material  damage  aflfecting  serviceability,  although  some  brick  walls  were 
damaged.    Brick  stacks  were  in  most  cases  broken  off. 

Many  elevated  water  tanks  and  standpipes  connected  with  public  workfl 
escaped  with  little  or  no  injury,  but  numerous  low  tanks  for  road  sprinkling 
and  locomotive  supply  were  thrown  down.     Important  elevated  tanks  at 
Santa  Clara  were  wrecked;  the  shake  was  especially  severe  here.    Tower 
80  ft.  high,  divided  into  3  stories  by  horizontal  channel  or  I-beam  struts,  made 
up  of  4  rows  of  4  Z-bar  colunms,  carrying  4  rows  of  plate  girders,  on  which 
were  15-in.  I-beams  forming  floor  system;  plank  floor;  4  cylindrical  wood  tanks, 
aggregate  capacity  180,000  gals.,  contained  during  the  quake  125,000  gab. 
Structure  swayed  violently;  tanks  lifted  from  setting  and  moved  south,  2 
finally  being  thrown  to  ground  75  ft.  from  tower;  2  north  tanks  were  on  the 
extreme  south  portion  of  floor  at  end  of  quakes;  structure  ceased  to  sway  and 
stood  upright.     Movement  of  tanks  had  overturned  some  floor  beams;  they 
bent  downward,  ends  slipped  from  supports  and  let  tanks  drop,  carrying 
lateral    bracing  and   pulling  down  most  columns.    On  north    side  many 
columns  stood  intact  with  lateral  and  sway  bracing  uninjured,  except  top 
story.     Structure  was  rebuilt  along  original  lines  with  additional  bracing 
between  girders  to  resist  overturning,  and  one  large  steel  tank  anchored  to 
I-beams. 

Pipe  lines  in  firm  ground  sustained  no  considerable  damage;  the  injuries 
were  done  in  marshy,  filled,  and  soft  alluvial  soils.  If  such  danger  spots 
cannot  be  wholly  avoided  for  important  maips,  partial  or  entire  immunity 
may  be  found  in  pile  foundations  extending  well  below  compressible  soil,  and 
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Table  217.    Cost  of  Cubic  Feet  of  Water  at  SUted  Rates  per  1000  Gala. 

No.  of 
cu.  ft. 

Cost  per  1,000  Gtdn. 
(For  cost  per  mg.  move  deoimal  point  3  plaoee  to 

right) 

6  Cte. 

6  Ct8. 

8  Cts. 

lOCta. 

15  Cts. 

20  Cts. 

1    26  Ota. 

30  CIS. 

20 
40 
60 
80 
100 

10.007 
0.015 
0.022 
0.030 
0.037 

SO. 009 
0.018 
0.027 
0.036 
0.049 

$0,012 
0.024 
0.036 
0.048 
0.060 

$0,015 
0.030 
0.045 
0.060 
0.075 

$0,021 
0.045 
0.066 
0.090 
0.111 

$0,030 
0.060 
0.090 
0.120 
0.150 

fO.037 
0.075 
0.112 
0.160 
0.187 

^      lO.Otf 
O.«0 
O.MI 
O.IM 

o.m 

200 
300 
400 
500 
600 

0.075 
0.112 
0.150 
0.188 
0.224 

0.090 
0.135 
0.180 
0.224 
0.269 

0.120 
0.180 
0.239 
0.299 
0.359 

0.150 
0.224 
0.290 
0.374 
0.449 

0.225 
0.336 
0.450 
0.664 
0.674 

0.299 
0.449 
0.698 
0.74^ 
0.898 

0.S74 
0.661 
0.748 
0.036 
1.122 

0.4tf 

o.m 

O.M 
l.Ut 
l.SH 

700 

800 

900 

1,000 

2,000 

0.262 
0.299 
0.337 
0.374 
0.748 

0.314 
0.350 
0.404 
0.449 
0.898 

0.419 
0.479 
0.539 
0.598 
1.197 

0.524 
0.598 
0.673 
0.748 
1.496 

0.786 
0.807 
1.011 
1.122 
2.244 

1.047 
1.197 
1.346 
1.496 
2.992 

1.309 
1.496 
1.683 
1.870 
8.740 

i.sn 

l.TN 
2.0M 
3.M4 
4.488 

3,000 
4,000 
5.000 
6,000 
7.000 

1.122 
1.496 
1.870 
2.244 
2.618 

1.346 
1.795 
2.244 
2.692 
3.141 

1.795 
2.393 
2.992 
3.590 
4.189 

2.244 
2.992 
3.740 
4.488 
6.236 

3.366 
4.488 
6.610 
6.732 
7.864 

4.488 
6.984 
7.480 
8.076 
10.472 

5.610 

7.480 

9.360 

11.290 

13.090 

6.73S 

8.978 

11.280 

13.1M 

15.708 

8.000 

9,000 

10.000 

20,000 

30,000 

2.992 
3.366 
3.74 
7.48 
11.22 

3.590 
4.039 
4.488 
8.976 
13.46 

4.787 

5.385 

5.984 

11.968 

17.95 

5.984 

6.732 

7.480 

14.961 

22.44 

8.976 
10.098 
11.122 
22.443 
33.664 

11.968 
13.464 
14.961 
29.992 
44.88 

14.961 
16.831 
18.701 
37.402 
66.10 

i7.oa 

20.117 
22.441 
44.881 
67.31 

40,000 
50.000 
60.000 
70,000 
80,000 

14.96 
18.70 
22.44 
26.18 
29.92 

17.95 
22.44 
26.92 
31.41 
35.90 

23.94 
29.92 
35.90 
41.89 
47.87 

29.92 
37.40 
44.88 
52.36 
59.84 

44.886 
66.103 
67.323 
78.543 
89.766 

60.84 

74.80 

89.76 

104.72 

119.68 

74.80 

03.60 

112.20 

130.90 

149.61 

112.80 
134.61 
157.08 
178.58 

90.000 
100.000 
200,000 
300.000 
400.000 

33.66 

37.40 

74.81 

112.20 

149.61 

40.39 

44.88 

89.76 

134.64 

179.53 

53.85 

59.84 

119.68 

179.53 

239.37 

67.32 

74.80 

149.61 

224.41 

299.22 

100.986 

111.22 

224.43 

336.63 

448.85 

134.64 
149.61 
299.22 

448.83 
598.44 

168.31 
187.01 
374.02 
661.03 
748.05 

201.97 
234.41 
448.» 
673.84 
807.66 

600.000 
600.000 
700.000 
800.000 
900,000 
1.000.000 

187.01 
224.41 
261.81 
299.22 
336.62 
374.02 

224.41 
269.29 
314.18 
359.06 
403.94 
448.83 

299.22 
359.06 
418.90 
478.75 
5.38.59 
598.44 

374.02 

448.82 
523.63 
598.44 
673.24 
748.05 

561.03 
673.23 
785.43 
897.66 
1.009.86 
1,122.06 

748.05 
897.66 
1.047.27 
1,196.88 
1,346.49 
1.498.10 

935.06 
1.122.07 
1.309.08 
1.496.10 
1.683.11 
1.870.12 

1.122.07 
1,.T46.49 
1.570.88 
1,795.5 

2.019.  n 

2.244.15 

bell  when  a  desired  point  has  been  reached  can  be  put  in  and  operated  inde- 
pendently of  the  indicator  at  small  additional  expense.  Indicator  is  made 
to  indicate  and  record  graduations  as  ordered  and  will  indicate  within  two- 
thirds  of  one  graduation.  Care  should  be  taken  that  graduations  be  larg^ 
enough  to  cover  surge  of  the  water  where  the  transmitter  is  located.  Standard 
found  most  practical  for  reservoirs  and  standpipcs  is  as  follows : 


Graduations 

t'o  ft. 

2  in. 

3  in. 


Maximum  rangn 


Graduation.^ 


Maziniuin  raafe 


12  ft. 
20  ft. 
30  ft. 


40  ft. 

60  ft. 

120  ft. 


Cost  of  Supplying  Water*  varies  in  the  United  States  from  $20  per  million 
gallons  in  some  large  cities  to  $300  in  small,  unfavorably  situated  plants; 
the  average  of  22  cities  for  1904,  none  larger  than  Cleveland,  was  $92,  Cle>'e' 
land  being  $23.  Chicago  is  estimated  at  $19.— (E.  F.  Cole,  Technology 
Quarterly,  June,  1907.) 

*  Total  maintenance  plus  interest  on  bondB. 


MISCELLANY  ^ 


Water  Charges — ^Meter  Rates  in  Sereod 

Cents  per  Thousand  Gallons- 

(From  pamphlet  of  Bureau  of  Water,  Philadelphia,  1914  > 

)<Mton lOc.  to  I8c.     Washington 5e, 

Pittsburgh 10c.  to  18c.     Montreal 15e. 

Baltimore 8c.  to  10c.    New  York 13c.t 

^cinnati 10c.     Yonkers 20e.t 

rersey  City. 10c.  to  16c.    Philadelphia 

(present) 4c. 

Eiochester 10c.  to  14c.     Philadelphia 

(suggested) 12c.  {^/nuttgrn^-, 

Providence 10c.  to  20c.  8c.  (inUsrmt^mu- 

Cleveland 5c.  4c.  (uuLUufwtri^tu^ . 

Truck  Loads  on  Valve  Chamber  Covers.  Fifty-ton  girders  on  a  tru^k  w*ik^L 
ng  16  tons  (one  of  the  largest  in  New  York  City)  broke  througli  2i^iij .  by 
24-in.  castriron  manhole  covers  on  Broadway  (Mar.,  1912)  presumably  4m  V* 
impact.  The  major  part  of  the  load  was  on  the  rear  axle  and  was  compuUyJ  t<^ 
be  22  tons  per  wheel.  A  6S-ton  girder  for  the  Pennsylvania  tcnnifiaJ  wa« 
transported  through  city  streets;  also  the  70-ton  girders  for  the  W*x>lw'/r*/J* 
building.  Sometimes  it  is  cheaper  to  ignore  such  abnormal  loads,  and  rttiAwA'. 
broken  covers.  An  80-ton  girder  gives  a  wheel-load  of  about  29  tons.  TIjo' 
24-in.  by  24-in.  covers  of  the  Metropolitan  Street  Railway  Co.  mentiof^'^i 
above  were  capable  of  sustaining  a  static  load  of  30  tons. 

Tar  coating  for  concrete  surfaces  to  prevent  erosion  by  water  at  liii^i 
irelocities  was  used  in  the  regulating  outlets  of  Arrowrock  dam  by  ConHirii<> 
Hon  Engineer,  C.  H.  Paul.  Diam.  of  outlets  4  ft.  4  in.;  surface  1:2  Portluri'l 
cement  mortar;  velocities  of  water,  60  ft.  To  fill  all  minute  voids,  surfai'/^ 
were  scraped  and  washed  with  grout  then  painted  two  coats  of  water-gas  tar 
and  two  coats  of  coal  tar.  It  is  important  that  the  water-gas  tar  be  of  vcfry 
thin  consistence;  it  can  be  so  obtained  if  so  ordered  of  the  manufacturers,  wlio 
can  also  supply  an  oil  for  thinning,  if  necessary;  success  depends  upon  having 
this  tar  of  a  waterlike  consistence.  Both  water-gas  and  coal  tars  should  l>e 
refined;  they  may  be  obtained  from  Barrett  Mfg.  Co.  Concrete  should  be 
thoroughly  dry  when  first  coat  is  applied,  but  water-gas  may  be  applied 
without  heating;  the  second  coat  may  follow  the  first  immediately.  Both 
coats  of  coal  tar  should  be  applied  hot  and  brushed  out  thin  as  possible;  first 
may  be  applied  as  soon  as  the  water-gas  tar  has' soaked  in  a  little,  but  second 
should  not  be  put  on  until  first  has  set.  A  thick  coating  is  likely  to  peel  and 
run.  After  a  year's  trial,  these  coatings  were  found  to  have  been  thoroughly 
satisfactory.  The  cost  was  about  If  cents,  per  sq.  ft.  For  1000  aq.  ft. 
there  were  required:  labor,  4J  days  at  $2.50;  12  gal.  water-gas  tar  and  15  gal. 
coal  tar,  at  16  cents;  brushes  and  miscellaneous,  $1.43.  Price  of  tar  was  $4  per 
50-gal.  barrel  plus  freight  $4.* 

*  Reclamation  Record,  Jan.,  1916;  E.  N.  Jan.  16.  1916. 
1 10c.  per  100  cu.  ft.  %  15c.  per  100  cu.  ft. 


41 


642 


WATERWORKS  HANDBOOK 


- 

Table  217t«  Logvitiimi 

1  of  Nfunbers 

f 

■ 

N. 

Log. 

N. 

Log. 

N. 

Log. 

N. 

Log. 

N. 

Log. 

.  N. 

Log. 

20 

301 

50 

699 

80 

WSi 

110 

041 

140 

146 

170 

230 

21 

322 

51 

708 

81 

908 

111 

045 

141 

149 

171 

233 

22 

342 

52 

716 

82 

914 

112 

049 

142 

152 

172 

236 

23 

362 

53 

724 

83 

919 

113 

053 

143 

155 

173 

238 

24 

380 

54 

732 

84 

924 

114 

057 

144 

158 

174 

241 

25 

398 

55 

740 

85 

929 

115 

061 

145 

161 

175 

243 

26 

415 

56 

748 

86 

934 

116 

064 

146 

164 

176 

246 

27 

431 

57 

756 

87 

940 

117 

068 

147 

167 

177 

248 

28 

447 

58 

763 

88 

944 

118 

072 

148 

170 

178 

250 

29 

462 

59 

771 

89 

949 

119 

076 

149 

173 

179 

253 

30 

477 

60 

778 

90 

954 

120 

079 

150 

176 

180 

255 

31 

491 

61 

785 

91 

959 

121 

083 

151 

179, 

181 

258 

32 

505 

62 

792 

92 

964 

122 

086 

152 

182 

182 

200 

33 

519 

63 

799 

93 

968 

123 

090 

153 

185 

183 

263 

34 

531 

64 

806 

94 

973 

124 

093 

154 

188 

184 

266 

35 

544 

65 

813 

95 

978 

125 

097 

155 

100 

183 

207 

36 

556 

66 

820 

96 

982 

126 

100 

156 

193 

186 

270 

37 

568 

67 

826 

97 

987 

127 

104 

157 

196 

187 

272 

38 

580 

68 

833 

98 

991 

128 

107 

158 

199 

188 

274 

39 

591 

69 

839 

99 

996 

129 

111 

159 

201 

189 

276 

40 

602 

70 

845 

100 

000 

130 

114 

160 

204 

190 

270 

41 

613 

71 

851 

101 

.004 

131 

117 

161 

207 

191 

281 

42 

623 

72 

857 

102 

009 

132 

121 

162 

210 

192 

283 

43 

633 

73 

863 

103 

013 

133 

124 

163 

212 

193 

286 

44 

643 

74 

869 

104 

017 

134 

127 

164 

215 

194 

288 

45 

653 

75 

875 

105 

021 

135 

130 

165 

217 

195 

290 

46 

663 

76 

881 

106 

025 

136 

134 

166 

220 

196 

202 

47 

672 

77 

886 

107. 

029 

137 

137 

167  > 

223 

197 

294 

48 

681 

78 

892 

108 

033 

138 

140 

168 

225 

198 

297 

49 

690 

79 

898 

109 

037 

139 

143 

169 

228 

199 

299 

50 

699 

I 

80 

903 

110 

041 

140 

146 

170 

230 

200 

301 
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ex.  per  liter  (Table  219) 

weight  of  1  liter  of  the  gw  in  gnins  (Table  230) 
moleeiilju'  factor  for  biralent  gases,  all  gaees  in  Ti 
and  220  are  binknt. 


Abaorpdoa  off  Gaaea  from  Air  bj  Water.    On  acconnt  of  partial 
being  exerted,  water  does  not  absorb  as  much  of  any  one  gas  froan  the 
when  pore  gas  is  broof^t  in  contact  with  water.    The  vohimes  of  OTypai\ 
sorbed  from  the  air  by  water  at  different  temperatures  are  gnren  in  Table 
The  volume  of  any  gas  dissolved  by  water  at  constant  temperature 
directly  with  the  pressure. 

Absorption  of  Light  hj  Water. — Dr.  Birge  states  that  at  a  depth  of  1 
the  nfA&r  energy  varies  in  different  lakes  from  2  to  20  per  cent,  of  that  at 
Burface.  That  the  intensity  of  light  does  not  decrease  geometrically  as 
depth  increa^ses  arithmetically,  is  chiefly  because  the  water  is  blue  in  color 
absorbs  red  and  yellow  rays  most  readily. 

CLASSES  OF  WATER 


icei 
o 


v^* 


v.f 


Meteoric  Water.    All  water  derived  directly  from  the  atmosphere  is  called 
met<ioric  water,  whether  in  the  form  of  dew,  rain,  snow,  sleet  or  hail. 

AloriK  the  Gulf  shores  of  U.  S.,  where  the  average  annual  rainfall  approaches 
or  exceeds  00  in.,  rain-water  supplies  are  the  rule  in  all  but  thclsigest  cities; 
until  1 903  ev(?n  New  Orleans  depended  largely  upon  rain  water  stored  in  wooden 
cisU'rnH  for  its  drinking  water  supply.     Water  evaporated  from  fresh-water 
hik(;H  and  (condensed  on  high  mountains  is  exceptionally  pure,  but  rain  and 
snow  collocated  in  towns  is  more  or  less  polluted  with  the  washings  of  air  and 
roofs,  cHpcH'iiilly  during  the  beginnings  of  storms.     Examples  of  rain  and  snow 
water  ani  given  in  Table  243,  page  675  (Samples  69  to  75).     Cohen  and 
UuHton,  in  "Smoke,  a  Study  of  Town  Air,"  1912,  determined  the  total  im- 
purities washed  from  the  air  at  Leeds  (Eng.)  Experimental  Farm  6  miles 
from  tlie  city  to  be  as  follows: 
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Rain  water  contains  traces  of  the  omnipresent  ammonia  and  nitrateB,  and 
occasionally  traces  of  nitrites.  The  amount  of  nitrogen  as  free  ammonia  vans 
between  0.2  and  5.0  p.p.m.,  and  as  nitrate  from  0.2  to  2  parts  per  miUkn. 
(Table  243,  p.  670.)  Rain  water  contains  ozone  (O3)  which  is  not  a  purifying 
agent,  per  se.  The  so-called  ozone'  process  of  water  purification  dependB 
upon  the  production  of  traces  of  hydrogen  peroxide  (HtOs).  (BlUcher,  "Dtf 
Wasser/'  1900.)  Angus  Smith  found  35  p.p.m.  of  sulphuric  acid  in  rain  water 
in  Liverpool,  50  parts  in  Manchester,  430  parts  in  Newcastle  and  20  parti 
in  London.  In  the  vicinity  of  smelters  and  chemical  works,  rain  water  may 
contain  hydrochloric,  nitric  and  other  acids,  nitrous  oxide,  carbon  monoxide, 
and  oxides  of  zinc,  lead,  copper  and  other  metals. 

Ground  Water.  The  meteoric  water  which  sinks  into  the  ground  and  flom 
seaward  along  more  or  less  impenetrable  strata,  is  called  groimd  watei^-sub- 
divided  for  convenience  into  spring,  shallow  well,  deep  well  and  artesian  water. 

Appearance,  Meteoric  water  falling  upon  the  earth  and  passing  through 
thick  enough  layers  of  proper  soil  loses  its  suspended  matter  and  becomes  dear. 
An  exception  is  found  where  fine  particles  of  clay  are  borne  with  the  water 
through  the  relatively  large  pores  of  water-bearing  soil  or  the  fissures  and 
seams  in  the  rock.  Waters  which  become  turbid  directly  after  rains  are 
usually  polluted  from  surface  sources.  Some  waters  which  are  clear  wj^en 
drawn  become  turbid  on  standing,  due  to  the  precipitation  of  iron,  manganese, 
calcium  and  magnesium  carbonates,  etc.,  generally  following  the  escape  of  the 
gases  which  hold  these  substances  in  solution.  Ground  waters  are  usually 
colorless,  but  not  always  so.  The  deep  well  waters  of  the  Mississippi  ddta 
often  have  a  color  of  1400  and  waters  from  near  peat  deposits  are  also  colored. 
The  color  is  due  to  humus  bodies  of  obscure  composition  (humic  acid  and 
ulmic  acid).  These  are  frequently  associated  with  iron  and  manganese  (iron 
humate,  etc.). 

Odor,  Most  ground  waters  have  little  or  no  odor.  Some,  however,  are 
impregnated  with  hydrogen  sulfide  or  sulfur  dioxide  and  possess  the  character- 
istic odors  of  these  gases.  Polluted  wells  may  have  a  musty  or  disagreeable 
odor,  while  ground  waters  from  marshy  sources  often  give  off  the  characteristic 
odor  of  peat,  especially  when  heated. 

Tastes  of  ground  waters  are  usually  imparted  by  dissolved  gases  and  min- 
erals. The  agreeable  taste  of  carbonic  acid  and  the  disagreeable  taste  of 
hydrogen  sulfide  are  well  known;  waters  containing  iron  or  manganese  are 
characterized  by  a  styptic  or  **inky"  taste;  the  hardness  of  water  is  often  ap- 
parent to  the  taste,  especially  when  large  amounts  of  magnesium  are  present. 
Some  waters  contain  so  much  sodium  chloride  that  it  can  be  detected  by  the 
taste.  The  minimum  amount  of  sodium  chloride  which  can  be  so  detected 
ranges,  according  to  various  observers,  from  200  to  300  p.p.m.  Few  observers 
can  detect  200  p.p.m.  or  less  of  sodium. chloride,  even  when  dissolved  in  dis- 
tilled water. 

Temperature.  One  valuable  property  of  ground  waters  is  the  small  annual 
range  in  temperature.  The  temperature  of  shallow  well  waters  is  rarely  over 
20°  C,  and  rarely  lower  than  6°  C.  Waters  from  greater  depths  are  practi- 
cally constant  in  temperature.     E.  A.  Martel  ("Comptes  Rendus,"  Mar.  13, 
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cycle  is  illustrated  in  Fig.  343  devised  by  W.  T;  Sedgwick  (1889)  to  illustrate 
the  transformations  of  nitrogen  in  nature  in  a  never-ending  cycle,  through  the 
vitalized  and  mineralized  stages  in  turn.  Certain  bacteria,  called  denitrifying, 
reduce  nitrates  with  the  production  of  nitrites.  Some  bacteria,  in  turn,  reduce 
nitrites  to  ammonia  and  ammonia  to  nitrogen,  thus  reversing  the  ordinary 
course  of  the  nitrogen  cycle. 

Dissolved  Gases.  Carbon  dioxide  which  results  from  decomposition  of 
organic  matter  is  the  gas  of  first  importance  in  ground  waters,  which  contain 
little  or  no  oxygen.  Meteoric  waters  contain  little  carbon  dioxide  but  are 
nearly  saturated  with  oxygen.  As  meteoric  water  passes  into  the  soil,  its  oxy- 
gen is  used  to  decompose  organic  matter  contained  in  the  soil  and  water.  Fre- 
quently deep  wells  contain  extraordinary  amounts  of  nitrogen  in  the  form  of 
free  ammonia,  particularly  where  there  are  fossil,  animal  or  vegetable  deposits 
in  the  water-bearing  strata.  Bartow  (Report  of  Illinois  State  Water  Survey, 
1907-1910)  reports  several  cases  illustrating  this  phenomenon.  Such  waters 
from  sources  of  unquestioned  purity,  may  contain  even  more  than  2.0  p.p.m. 
of  nitrogen  as  free  ammonia. 

Effect  of  Carbon  Dioxide.  Production  and  absorption  of  COs  greatly 
increase  the  solvent  action  of  water.  Lime,  magnesia,  iron,  manganese  and 
other  elements  are  rendered  soluble,  while  the  silicates  and  other  minerals 
are  decomposed,  setting  free  the  soluble  elements  composing  them.  Ground 
waters,  therefore,  contain  more  substances  in  solution  but  less  in  suspension 
than  do  surface  waters.  Humic  or  other  organic  acids  may  exert  a  similar 
efifect  on  the  soil.  If  dissolved  oxygen  be  absent  from  the  ground  water, 
sulfates  may  be  reduced  to  sulfides  and  hydrogen  sulfide  set  free.  Simi- 
larly nitrogenous  organic  matter  is  reduced,  with  the  production  of  ammonia 
and  nitrogen. 

Oxygen  Requirement  of  Soil.  Because  the  purifying  action  in  the  soil 
requires  oxygen,  the  discharge  of  contaminating  matter  on  the  surface  in  the 
vicinity  of  a  ground-water  supply  must  be  intermittent  if  the  purity  of  the 
ground  water  be  maintained.  This  is  the  condition  which  occurs  in  nature,  a 
period  of  aeration  following  each  period  of  rainfall.  In  cities  and  towns,  pave- 
ments and  buildings  prevent  aeration  of  the  soil  and  consequently  the  purifica- 
tion of  the  water  thereby.  Sometimes  purification  is  disturbed  or  arrested  to 
such  a  degree  that  even  wide  zones  of  soil  of  the  right  physical  character  M 
to  protect  ground-water  sources  against  contamination. 

Efficiency  of  Natural  Purification.  The  distance  which  a  water  must  pass 
through  the  soil  before  becoming  safe  is  important,  and  depends  upon  local 
conditions,  such  as  rate  of  flow,  character  of  soil,  and  degree  of  pollution.  Again 
the  work  imposed  upon  the  soil  may  exceed  its  capacity;  aerobic  bacteria  may 
be  deprived  of  oxygen  and  give  way  to  anaerobic  bacteria,  a  condition  not  so 
favorable  to  bacteriological  purification  of  ground  water.  A  well-aerated  soil 
is  much  more  efficient  than  a  soil  which  has  been  robbed  of  its  oxygen. 

Before  sinking  wells  at  Wuhlheide  and  Heiligensee,  Ditthom  and  Luerssen 
(Gesundheits-Ingcnieiir,  1909)  made  a  careful  study  of  the  permeability  of  the 
soil  to  bacteria.  The  object  of  the  test  was  to  ascertain  how  near  a  well  could 
be  to  a  broken  sewer  pipe  without  danger  of  contamination.     They  used  B. 


650  WATERWORKS  HANDBOOK 

ing  material  to  a  well,  but  ordinarily  a  greater  width  is  essential;  50  ft.  of  fine 
sand  nearly  always  suffices,  provided  ground-water  level  is  10  or  more  feet  bdow 
the  surface.  Where  faults  and  fissures  abound,  as  in  limestone  formatioDS, 
contamination  may  pass  a  long  distance  through  soil.  At  Lausanne,  Switier- 
land  (Deutsch  arclu  f.  klin.  Med.,  1893,  II),  the  village  well  was  polluted  from 
a  stream  more  than  a  mile  away.  Gaifky  (Mit  a.  d.  kais.  Gresundheitsamt, 
1884,  II,  p.  413)  reported  the  infection  of  an  open  well  from  a  privy  vault  50 
ft.  distant. 

Bacteria  in  Ground  Water.  Numbers  of  bacteria  in^soil  and  in  ground 
water  decrease  rapidly  with  depth.  Kabrhel  (Archiv  fiir  Hygiene,  68,  345, 
1906)  found  several  million  bacteria  per  c.c.  in  surface  samples  of  woodland 
soil,  a  few  thousands  0.5  meter  below  the  surface,  and  usually  only  hundreds 
per  c.c.  in  samples  collected  from  depths  greater  than  1  meter.  Many  o^ 
ganisms  In  ground  water  grow  slowly  and  therefore  do  not  appear  after  short 
periods  of  incubation,  thus  giving  rise  to  the  erroneous  belief  that  ground  waters 
from  considerable  depths  are  invariably  bacteria  free.  S.  C.  Prescott  examined 
147  shallow  farmyard  wells  and  found  that  124  contained  no  B.  coli  and  were 
therefore  probably  free  from  fecal  pollution.  These  samples  averaged  190 
bacteria  per  c.c,  while  the  23  samples  which  gave  positive  tests  for  B.  coli 
averaged  570  per  c.c.  Distribution  of  the  two  series  of  samples  according  to 
the  number  of  bacteria  present  is  indicated  in  Table  221. 


Table  221.     Bacteria  in  Shallow  Farmyard  Wells 
Percentage  of  Samples  in  Each  Group 


Bacteria  per  c.c.  |  0   1-10 


11-20  21-50  51-100 


!  i 

Series    I.  B.  coli  absent   . .      3      10  14     '     10    ;      11      !       31 

Series  II.   B.  coli  present 5      10  57 

:  :            i 


5  4 

10  14 


Kellerman  &  Whittaker  (U.  S.  Dept.  of  Agri.,  Bureau  of  Plant  Industry, 
Bulletin  154,  1909)  report  similar  results  for  shaUoxv  wells  used  as  farm  water 
supplies.  Egger  (Wolffhugel,  1886)  examined  60  wells  in  Mainz  and  found 
that  17  of  them  contained  over  200  bacteria  per  c.c.  Maschek  (1887)  found 
36  wells  out  of  48  examined  in  I^itmeritz  which  had  a  bacterial  content  of  o^'ff 
500  per  c.c.  Fischer  (Horrocks,  1901)  reported  120  wells  in  Kiel  which  gave 
over  500  bacteria  per  c.c.  and  only  51  with  less. 

Deep  well  waters  contain  very  few  bacteria.  Houston  (32d  Annual  R^P-t 
Local  Govt.  Bd.  containing  Rept.  of  Medical  Officer  for  1902-03,  581)  found 
the  bacteria  in  the  waters  from  a  series  of  deep  wells  of  high  quality  at  Tun- 
bridge  W(*lls,  Knglaiul,  to  vary  from  1  to  36  per  c.c.  Prescott  (Elements  of 
Water  Bacteriology,  Prescott  &  Winslow,  1913,  p.  27)  found  in  the  water  of  15 
driven  wells  in  the  vicinity  of  Boston,  examined  in  1903,  an  average  of  18 
colonies  per  c.c.  at  the  end  of  48  hours'  incubation.  Prescott  k  Winslow 
(l^lements  of  Water  Bacteriology,  1913)  found  the  following  numbers  of  baC" 
teria  in  certain  wells  and  springs  from  various  sources: 
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coll  results  should  be  used  most  cautiously  in  judging  the  quality  of  a  water, 
largely  because  the  ''presumptive  test"  for  these  bacteria  tends  more  and  more 
to  include  organisms  of  the  coli  group  as  well  as  the  typical  bacillus  of  the 
human  intestine.  B.  coli  may  occasionally  be  found  in  ground  waters  of  good 
quality,  provided  large  enough  volumes  be  tested.  The  bacilli  abound  at  the 
ground  surface  and  a  very  few  may  penetrate  to  great  depths.  That  their 
mere  presence  proves  the  presence  of  infinitely  rarer  disease  germs  is 
inconceivable. 

Mass.  State  Bd.  of  Health  (Report  1901)  examined  samples  from  99  springs 
and  found  B.  coli  in  6.  All  were  liable  to  pollution.  The  same  investiga- 
tion showed  that  bottled  spring  waters  were  subject  to  contamination  durinf 
bottling,  B.  coli  being  found  in  7  samples  whore  none  were  found  in  the 
corresponding  samples  from  the  springs.  Clark  and  Gage  (Rept.  Mass.  State 
Bd.  of  Health,  1903)  found  B.  coli  in  5  out  of  170  samples  from  tube  and  shallow 
wells  of  good  construction.  Houston  (loc.  cit.)  compares  the  more  or  less 
polluted  shallow  weUs  of  Chichester  with  the  excellent  deep  ground  waters 
from  Tunbridge  Wells.  Table  225  (Prescott  and  Winslow,  p.  162)  'shows  the 
value  of  1  c.c.  samples  in  differentiating  between  good  and  bad  waters. 

Table  226.     Distribution  of  B.  Coli  in  Good  and  Bad  Well  Waters 

(Houston,  1903) 
Percentage  of  Positive  Tests 


Quantity  of  water 


Chichester,  shallow  wella 


Tunbridge  Wells,  deep  wp11» 


100  C.C. 

10  c.c. 

1  c.c. 

0.1  c.c. 


90 
80 
45 
20 


25 
6 
0 
0 


Fromme  (W.  Zeit.  fiir  Hygiene,  66,  251)  shows  relation  between  numbers  of 
bacteria  and  B.  coli  as  found  by  examining  120  samples  from  wells  near 
Hamburg,  Table  226. 

Table  226.     Relation  between  Total  Numbers  of  Bacteria  and  B.  Coli 

(Fromme,  1910) 


Per  cent,  poeiave;  B.  colitati 


Colony  count 

Over  200 

50-200 
Under  50 


Number  of  samples 

35 
19 
66 


in  10  c.c. 


40.0 

15.8 

3.0 


The  permissible  number  of  B.  coli  in  a  ground  water  is  difficult  to  determine. 
B.  coli  should  not  be  present  in  1  c.c.  samples  nor  in  more  than  20  per  cent, 
of  10  c.c.  samples.  B.  coU  will  rarely  be  found  in  the  best  ground  waters, 
even  in  100  c.c.  samples,  nor  in  more  than  10  per  cent,  of  the  10  c.c.  samples 
from  most  undeniably  safe  sources.  However,  certain  exceptional  waters 
from  the  vicinity  of  peaty  deposits,  such  as  exist  on  Cape  Cod,  Long  Island 
and  elsewhere,  contain  bacteria  showing  most  of  the  B.  coli  reactions.  Such 
waters  should  not  be  judged  by  the  presumptive  test*  for  B.  coli  alone. 

•  See  page  795. 
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level  of  the  water  table  to  the  first  impervious  stratum.  The  deeper  lones  of 
flow  are  those  which  lie  belowtbe  first  impervious  stratum.  Strata  may  be 
impervious  enough  to  collect  a  layer  of  ground  water,  yet  permeable  enough  to 
cause  the  formation  of  the  deeper  zones  of  flow.  All  ground  waters  have  a 
tendency  to  move  in  the  direction  of  the  neighboring  streams  and  lakes. 
Where  the  slope  ia  great,  the  underflow  in  the  direction  of  the  thalweg  (valley- 
way)  may  be  relatively  very  large,  but  seepage  in  the  steeper  slopes  and  ter- 
races of  the  river  valley  is  primarily  in  a  direction  toward  the  thalweg  and  not 
along  it.  The  underflow  of  streams  is  usually  very  small  and  its  velocity  very 
low.  Most  streams  depodt  enough  silt  to  make  their  banks  and  bottoms  prac- 
tically impervious. 

.  Spring  waters,  which  may  be  of  high  purity  before  emergence  at  the  surface, 
may  become  polluted  by  surface  drainage  because  of  the  conditions  which  sur- 
round the  spring.  In  many  cases  such  springs  can  be  "restored"  by  following 
the  rules  given  below  for  shallow  wells,  and  by  replacing  the  soil  about  the 
spring  for  a  depth  of  from  3  to  5  ft.  or  more,  and  for  a  width  of  25  ft.  or  more, 
with  a  zone  of  fine  sand.    Fig.  345  illustrates  this  method  of  protection. 


Protection  of  Shallow  Wells.  Shallow  wells  are  those  sunk  by  digging;  or 
driving  to  depths  of  less  than  30  ft.  Because  the  depth  of  the  ground-water 
level  below  the  surface  is  the  most  important  single  factor  from  a  hygienit 
standpoint,  shallow  and  deep  wells  are  considered  separately.  One  diftin- 
guishes  between  dug  and  driven,  or  tube,  wells  in  this  connection  becau.*!e  (rfli* 
greater  safety  of  the  latter,  the  depth  of  the  ground-water  level  being  equsl- 
Nevertheless,  if  great  care  be  taken,  dug  wells  can  be  made  nearly  if  not  qui'* 
as  safe  as  tube  wells.  In  order  to  protect  dug  wells,  the  following  rules  shotiW 
be  observed: 

1.  Lining  of  well  should  be  tight  from  surface  of  gnmnd  to  watei^besrinB 
stratum;  for  a  depth  (if  5  ft.  in  any  case,  better  10  ft. 

2.  Lining  of  well  should  be  brought  at  least  1  ft.  above  surface. 

3.  Well  Hhould  have  a  tight  cover  and  the  ground  immediately  around  a 
should  be  raised  so  that  surface  drainage  will  be  away  from  the  well  rather 
than  toward  it.  Preferably  the  cover  of  the  well  should  be  of  concrete  or 
cast  iron,  and  the  ground  about  it  should  be  paved  with  concrete  or  otbtt 
impervious  material.      {See  also  p.  240.) 
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Many  inclined  tube  wells  driven  beneath  the  beds  of  sUt-bearing  riven  fail 
to  draw  any  considerable  part  of  the  supply  from  the  streams  themadvo. 
Local  conditions  determine  the  source  in  any  case.     (See  also  p.  256.) 

Irrigation.    The  production  of  "artificial  ground' water"  by  irrigadiig  the 

'  surface  noil  in  the  vicinity  of  wells  with  water  drawn  from  a  near  lying  stream, 

has  given  good  results  in  niany  cases,  notably'at  Brookline,  Mass.,  ChemnJti, 

Germany,  and  Stockholm,  Sweden,    It  is  not  to  be  recommended  where  the 

rivers  are  highly  polluted  and  where  the  irrigated  area  is  very  porous.    Ito 

( loose  Ooan 


Badly  Constructed  Veils 


Sotisfattorili)   Constructed  Welts 
Fin.  31(1. 

efficiency  depends  largely  upon  the  intermittent  application  of  the  rivei  ^^^ 
to  the  surface  sund  or  silt  and  upon  the  construction  and  operation  of  the  'f"' 
gated  area.  This  latter  should  be  readily  accessible  for  cleaning  and  should  be 
BO  large  that  the  rale  of  filtration  will  not  greatly  exceed  the  natural  rate  of 
filtration  through  the  soil.  Because  it  can  be  controlled  better,  artificial  grouDii 
water  is  to  be  preferred  to  that  drawn  through  the  soil  directly  from  a  poDulw 
river. 

Surface  waters  from  streams,  rivers,  ponds,  and  lakes,  the  most  generiUj 
available  sources,  are  especially  liable  to  pollution,  and  for  this  reason  «* 
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eralise  the  dissolved  organic  matter,  with  the  algae,  fumiah  food  for  growths  o( 
Protosoa;  these  in  turn  form  part  of  the  food  for  growths  of  Hyd» 
and  Rotifera,  all  of  which  are  consumed  by  fish.  Oysters  and  dams  also 
feed  upon  diatoms  and  other  microscopic  organic  matter,  living  and  desd; 
and  the  abundance  of  the  higher  plant  life  supported  indirectly  by  the  oiguue 
matter  contained  in  the  water  in  which  it  grows  is  wdl  known.  Oft«Q  the 
only  apparent  result  of  increased  organic  pollution  of  a  body  of  water  m  t 
corresponding  Increase  in  fish,  oysters,  clams,  etc.,  for  examjde,  Dlinois  river 
(Forbes  and  Richardson,  1913)  and  Qenesee  river  (M.  C.  Whip]de  and  J.  W.  M. 
Bunker,  1912). 

Fecal  waste  from  the  higher  animal  forms  decomposes  into  sufastaoen 
which,  in  the  presence  of  oxygen,  pass  tlirough  the  nitrogen  cycle  shown  in  Fjg. 
343,  p.  647.  Some  organic  matter  present  in  a  water  is  removed  in  the  foim 
of  the  adult  insects  whose  larva  live  in  the  water,  for  example,  Chironomas. 
Solid  masses  of  organic  sludge  from  the  bottoms  of  streams  become  graduaBy 
liquefied  by  anaerobic  bacteria.  These  sludge  masses  also  serve  as  food  for  s 
variety  of  worms  and  larvs,  but  only  in  the  presence  of  oxygen.  liquefied 
sludge  forms  part  of  the  food  for  bacteria  and  other  organisms.  There  existB, 
therefore,  in  many  streams  containing  undeoomposed  organic  matter,  a  con- 
tinuous cycle  of  changes,  resulting  ultimately  in  biological  equilibrium  and,if 
no  new  food  material  be  forthcoming,  in  rapid  decadence  of  organic  life  and 
mineralization  of  the  dead  organic  matter.  In  other  words,  growth  of  o^ 
ganisms,  including  bacteria,  plays  the  most  important  r61e  in  self-purificatioB 
of  streams. 

Much  organic  matter  in  surface  waters  is  in  the  colloidal  state,  that  is,  in 
semi-solution.  This  matter  slowly  coagulates  and  subsides.  For  example, 
the  coloring  matter  in  the  highly  colored  Dismal  Swamp  water  precipitates 
on  standing,  although  the  water  apparently  contains  no  suspended  matter 
when  first  drawn. 

For  names  and  descriptions  of  genera  of  organisms,  as  well  as  their  fre- 
quency of  occurrence,  their  relation  to  the  chemical  constituents  of  the  water 
and  to  sizes  and  depths  of  reservoirs,  see  Whipple's  "Microscopy  of  DrinkiDg 


Table  229.    Frequency  of  Occurrence  of  Groups  of  Organisms  in  Massachnsetti 

Surface  Waters 


Classifiration 


Commonly 
found  in  , 

large 
numbers 


DiatomacesD 

Chlorophycese 

Cyanophyceae 

Fungi  and  Schizomycetes 

Protozoa 

Rotifera 

Crustacea 

Miscellaneous 

Total 


5 
\  3 
4 
1 
5 
0 
0 
0 


18 


Number  of  genera 


Occasion- 

ally  found 

in  large 

numbers 


Commonly 
found  in 

small 
numbers 


4 
8 
3 
3 
5 
0 
0 
0 


23 


4 

14 
1 
3 
11 
5 
3 
0 


41 


Occasioo- 
obserred 


22 

21 

8 

5 

24 

12 

4 

10 


106 


IViCal 


35 
46 
16 
12 
45 
17 
7 
10 


660  WATERWORKS  HANDBOOK 

trouble;  between  20OO  and  3000,  decided  trouble,  and  that  above  3000  trouble 
would  be  serious.  From  analyses  the  per  cents  of  the  time  when  organisma 
were  present  within  these  limits  were  ascertained.  These  were  then  w^ghted 
as  follows  and  added  together:  For  numljera  between  500  and  1000,  one-half 
the  per  cent.;  for  numbers  between  1000  and  2000,  the  per  cent,  as  computed; 
for  numbers  between  2000  and  3000,  twice  the  per  cent.;  and  for  numbers  above 
3000,  three  times  the  per  cent.  The  tlbove  was  based  on  organisms  of  all  kinda 
disregarding  genera.  An  index  of  50  would  mean  that  organisms  were  notice- 
able half  the  time,  or  that  if  they  were  present  for  less  than  half  the  timetbcy 
were  more  troublesome  during  the  time  when  they  were  present."  The  maxi- 
mum index  of  frequency  possible  by  this  method  of  computation  is  300. 
Natural  waters  rarely  have  an  index  of  more  than  100.  Best  stored  waten 
have  an  index  less  than  10.     See  Table  230. 

Bacteria  in  Surface  Waters.  Most  rivers  in  inhabited  regions  contain 
several  hundreds  or  tbousaoda  of  bacteria  per  c.c,  dependent  upon  the  degree 
of  pollution.  Furthermore,  these  numbers  fluctuate  rapidly,  especially  during 
storms  and  floods.     Table  232  illustrates  these  seasonable  variations. 

Table  383.    Seasonal  Vatiations  In  Bacterial  Content  of  RlT«r  Water*.    Bac- 
teria per  c.c,  Monthly  Average 

{PrBSCOTT   and    WlNBLOw) 


•  Houst™,  inOft.1.  190«fc.  U  MmmfhuBMUi,  1906. 

t  New  Orlcsne,  1B03.  |  Hmriiburg,  1907. 

I  Figures  obtainfd  Ihroiigh  coiirlwy  of  F.  F.  Longtey. 

Ill  warm  weatiier  and  during  periods  of  low  flow,  putrefaction  is  likely  to 
occur  in  river  water,  greatly  changing  its  bacterial  content.  This  conditioD 
is  accompanied  by  loss  of  oxygen,  sometimes  to  its  entire  disappeaw<* 
and  the  destruction  of  fish  life,  and  may  indirectly  cause  an  increase  m 
bacteria.  Temperature  itself  has  but  slight  influence  upon  the  numbfis  "' 
bacteria,  although  growths  of  antagonistic  microscopic  organisms  are  most 
frequent  during  the  warmer  months. 

Discharge  of  sewage  affects  the  bact«ria  markedly.     Bacteria  in  the  N'>' 
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Sn^ended  Wnenl  Hatter.    Most  stieamB  carry  more  or  UsB  suipeDded  I 

mineral   matter,   varying  from  Beveral  pounds  to  several   tons  per  104.  ^ 

Quantities  of  suspended  matter  in  various  river  watns  ore  given  in  Table  24S  j 

(Samples  1  to  69),  p.  668  and  Table  26,  page  49.  ' 

Table  338.    Turbidity  of  O^o  River  Water.  ISl^ 

(Ellhs)  : 
(Farts  per  Millioe) 


i 


icipiit  ol  Hnencu.  -  1.12.    Cocfficiriit  of  fincDe»  <■  tha  Diuntwr  obtaiuid  by  lUndUxlW 
[  aunprndrd  igniter  in  the  umple  (in  puta  per  tniliion)  by  the  turtHditv.   ItsnatHthu 
inHirntri  that  Ihf  matter  in  aiupennon  in  the  mtar  ki  eoaran  thu  tbeatandM^illMtM' 
_      at  it  iKfinrr.    (mandard  Mdthodaot  Water  Anal^di,  A,  P.  B.  A.,  161S.  p.  TJ 

*  See  footnoti:  OD  pnge  4S. 

Kxnm|)lcs  of  variation  In  suspended  matter,  as  shown  by  turiiidit;,  •" 
given  in  Table  238  for  the  Ohio  and  Table  239  for  the  Delaware  atTorrwIilt. 
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The  numbers  of  certain  organisms  per  c.c.  required  to  produce  a  noticeable 
odor  are  given  in  Table  240.  Of  71  supplies  taken  from  Massachusetts  ponds 
and  reservoirs,  45  were  f oimd  to  have  given  troublCi  and  30  of  these  soioas 
trouble,  because  of  bad  tastes  or  odors.  Microscopic  organisms  are  bdieved 
at  present  to  be  harmless.  Many,  however,  are  objectionable  from  an  ssthetic 
standpoint  and  often  indicative  of  abundant  food  material  emanating  from 
objectionable  sources.  Distinctive  odors  produced  by  certain  organisms  msy 
be  described  by  the  three  general  terms  "aromatic,"  "grassy''  and  "fishyi" 
as  tabulated  in  Table  241. 


Table  841.    l>istinctive  Odors  Produeed  by  Certain  Organisms 

(Whipple) 


Group 

OrganiMn 

Natural  odor 

Aromatic  odor. . 

Diatomaces: 

Asterionella 

Aromatic — geranium — fishy 

Cyclotella 

Faintly  aromatic 

Diatoma 

Faintly  aromatic 

Meridion 

Aromatic 

Tabellaria 

Aromatic 

Protosoa: 

Cryntomonas 
MaUomonas 

Candied  violets 

Aromatic — ^violets — ^fishy 

Grassy  odor — 

Cyanophyce®: 

Anabena 

Grassy  and  moldy — green-corn — nastur- 
tiums, etc. 

Rivularia 

Grassy  and  moldy 

Clathrocystis 

Sweet,  grassy 

Coelosphsrium 

Sweet,  grassy 

Aphanizomenon 

Grassy                      n 

Fishy  odor 

Chlorophyces: 

Volvox 

Fishy 

Eudorina 

Faintly  fishy 

Pandorina 

Faintly  fishy 

Dictyosphsrium 

Faintly  fishy 

Protozoa: 

Uroglena 

Fishy  and  oily 

Synura 

Ripe  cucumbers — ^bitter  and  spicy  taiie. 

Dinobryon 

Fishy,  like  rockweed 

Bursaria 

Irish  moss — salt  marsh — ^fishy 

Peridinium 

Fishy,  like  clam-shells 

Glenodinium 

Fishy 

Ice  is  always  purer  than  the  water  from  which  it  is  gathered.  Window 
has  shown  that  typhoid  fever  bacilli  die  rapidly  in  ice,  and  that  ice  stored  for 
5  months  is  safe,  even  though  it  be  collected  from  polluted  sources.  Table 
242  gives  analyses  of  water  and  ice  from  a  pond  in  Dan  vers,  Mass.  The  water 
is  not  safe  to  drink  but  the  ice  may  be  used  with  impunity. 

Growths  of  Occillaria,  Anabsena  and  other  organisms  may  become  frozen 
in  the  ice  of  polluted  ponds.  Masses  of  these  growths  may  decay  and  cau* 
the  formation  of  cavities  within  the  ice  containing  dirty  organic  matter  and 
gases  which  have  a  foul  odor,  often  months  after  the  ice  is  harvested. 
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CHAPTER  XXXI 
INSPECTION  OF  SOURCES  OF  WATER  SUPPLY 

Origin  and  Longevity  of  Polluting  Bacteria.    To  safeguard  the  purity  of 
water  supplies,  careful  and  proper  inspection  should  be  made  in  order  to  elim- 
inate  any  p>ossible  source  of  contamination.    Chief  sources  of  contamination 
are  sewage  of  cities  and  towns  and  willful  or  careless  discharge  of  dejectii 
by  individuals.    Water-borne  diseases  comprise  those  caused  by  bacteria 
carried  from  the  intestine  of  one  individual  to  the  mouth  of  another.    In- 
testinal bacteria,  including  B.  coli  and  the  typhoid  bacilli,  tend  to  die  out  in 
natural  waters.    According  to  various  authorities    (Gartner:  Klin.  Jahrb. 
(1902),  9,  p.  335;  Jordan,  Russell,  and  Zeit:  Jour.  Infec,  Diseases  (1904),  1, 
p.  641;  and  Houston:  "Studies  in  Water  Supply,"  p.  83  et  seq.)  over  95  per 
cent,  of  typhoid  bacilli  discharged  into  surface  water  die  during  the  week  follow- 
ing their  entrance,  and  after  1  month  they  have  practically  ceased  to  exist. 
(See  Tables  247  and  248,  page  681.)    The  surviving  minority  may  persist  as 
long  as  2  months.     Experiments  have  shown  that  typhoid  bacilli  perish  more 
rapidly  in  polluted  surface  waters  than  in  unpolluted  ground  waters.    Jordan, 
Russell  and  Zeit  {loc.  cit.)  attribute  this  to  the  antagonism  of  normal  water 
bacteria.     Protozoa  also  consume  bacteria.     Houston  has  shown  that  un- 
cultivated typhoid  bacilli  as  they  are  discharged  by  typhoid  patients  die  more 
rapidly  in  Thames  river  water  than  those  which  had  been  isolated  and  grown 
in  the  laboratory  on  artificial  media. 

Importance  of  Time.  From  a  sanitary  standpoint  the  discharge  of  many 
million  bacteria  by  one  typhoid  patient  Into  a  water  about  to  be  distributed 
is  far  more  serious  than  the  discharge  of  the  sewage  of  a  city,  if  the  contami- 
nated water  be  stored  for  a  month  or  two  before  use.  This  consideration 
should  enter  into  all  rules  and  regulations  for  the  protection  of  a  source  of 
supply. 

River  Supplies.  Purification  of  rive^  water  by  filtration  should  be  8Uf>- 
plemented  by  careful  inspection  of  the  river,  especially  above  the  water- 
works intake,  where  it  should  be  protected  from  all  pollution  or  contamina- 
tion. Storage  reservoirs  are  always  advantageous,  and  should  be  carefully 
inspected  to  prevent  their  pollution.  Filter  beds  and  filter  sand  should  be 
guarded  carefully  to  prevent  accidental  pollution,  and  all  filtered  water  basins, 
suction  wells  and  pipes  should  be  tight  to  prevent  contamination  by  infected 
ground  water  (Jordan  and  Irons,  Jour,  of  Infec.  Dis.,  11,  July,  1912,  on 
Rockford  Epidemic).  Distributing  reservoirs  containing  water  about  to  be 
used  should  be  carefully  guarded. 

Lake  and  Reservoir  Supplies.  Long  storage  coupled  with  careful  inspec- 
tion can  produce  a  fairly  safe  water  even  from  polluted  sources,  as  the  Lake 
Cochituate,  Croton*  and  Thames  river  drainage  areas.     While  modem  com- 

•  Croton  water  has,  however,  for  a  number  of  years  been  treated  with  hypochlorite  of  Up*** 
liquid  chlorine  put  into  tlie  aqueducts  at  a  place  relatively  near  New  York  City.  Many  engin**" 
who  have  studied  this  water  believe  it  shoula  be  filtered  for  both  aanitary  and  physical  improven^eni. 
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CHAPTER  XXXII 
STORAGE  OF  WATER  AND  IMPROVEMENT  OF  RESERVOIRS 

Quality  of  water  is  greatly  affected  by  storage,  both  for  good  and  bad. 
Storage  affords  opportunity  for  coagulation,  precipitation,  bleaching  of  color, 
death  of  exotic  disease  germs  and  subsidence  of  silt  and  clay.  Sometimes,  how- 
ever, stored  waters  develop  growths  of  microscopic  organisms,  especially  if  the 
sources  contain  an  abundant  supply  of  food  material  or  the  water  be  stored  in  a 
new  reservoir  from  which  the  vegetation  and  other  organic  matter  have  not 
been  adequately  removed.  If  the  run-off  be  from  a  clean  drainage  area  and 
the  water  be  stored  sufficiently  long  in  an  organically  clean  reservoir  of  ade- 
quate depth,  a  satisfactory  supply  usually  results. 

Period  of  storage  in  natural  lakes  may  be  many  years,  as  in  the  Great  Lakes, 
and  may  result  in  complete  clarification  and  decolorization.  Silver  Lake, 
Brockton,  Mass.,  has  a  storage  capacity  of  1766  days  or  1,579,800  gals,  per  sq. 
mi.  of  drainage  area;  the  color  of  the  water  is  reduced  from  about  100  to  9 
p.p.m.  Pieriods  of  storage  in  certain  other  reservoirs  are  given  in  Table  246. 
At  least  60  days'  storage  should  be  provided  where  surface  waters  are  used 
without  other  means  of  purification.  Even  this  nominal  period  may  not  af- 
ford sufficient  protection  against  p>ollution  because  of  imperfect  displacement 
of  the  reservoir  contents  due  to  differences  in  the  density  of  the  water,  due  in 
turn  to  temperature  changes  and  to  the  action  of  wind  and  currents. 

Limnology,  or  t^ie  science  of  lakes  and  ponds,  treats  of  their  geolog}', 
geography,  physics,  chemistry,  biology  and  the  mutual  relations  of  these  fea- 
tures.    (See  Whipple, '*  Microscopy  of  Drinking  Water,"  1914  Chap.  VII.) 

Lake  Thermometry.  For  surface  temperatures,  an  ordinary  chemical  ther- 
mometer may  be  used,  graduated  from  0°  to  40°  C.  or  from  20°  to  120°  F. 
For  subsurface  temperatures  at  depths  of  less  than  50  ft.,  this  thermometer 
may  be  put  in  a  weighted  case  enclosed  in  a  stoppered  bottle,  lowered  to  the 
proper  depth  and  filled  by  withdrawing  the  stopper.  After  allowing  sufficient 
time  for  the  thermometer  to  set,  the  bottle  is  drawn  to  the  surface  and  the 
thermometer  read  before  it  is  taken  from  the  bottle.  For  deeper,  as  well  as  for 
shallower,  temperatures  the  thermophone  of  Warren  and  Whipple  (WhipplPi 
*' Microscopy  of  Drinking  Water,"  1914,  p.  87),  an  electrical  thermometer  of 
the  resistance  type,  is  better  adapted  than  any  other  instrument  for  taking 
series  of  observations.  It  (Fig.  347)  consists  of  a  resistance  coil  attached  to  the 
end  of  a  3-\vire  cable,  which  is  lowered  to  the  desired  depth.  Two  wires  are 
connected  by  leading  wires  to  the  terminals  of  a  slide  wire  which  forms  part 
of  the  indicator.  The  third  leading  wire  connects  with  a  movable  contact  on  a 
sliding  wire  having  in  its  circuit  a  telephone  and  a  current  interrupter.  These 
latter  serve  as  a  galvonometer  to  detect  the  presence  of  a  current.  The  knob 
turning  the  pointer  of  the  indicating  dial  is  connected  with  the  movable  con- 
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type  it  is  sometimes  below  and  sometimes  abov^  it;  in  lakes  of  the  tropical 
type  it  IB  never  below  that  point.  The  three  orders  may  be-defined  as  foUoin: 
Lakes  of  the  first  order  have  bottom  temperatures  which  are  practically  eoo- 
stant  at  or  very  near  maximum  density;  lakes  of  the  second  order  have  bottom 
temperatures  which  undergo  annual  fluctuationSi  but  which  are  never  very  for 
from  maximum  density;  lakes  of  the  third  order  have  bottom  tanperaturfli 
which  are  seldom  very  far  from  the  surface  temperatures. 

Table  846.    Circulatioa  Periods  of  Lakes 

(WmppLs) 


Kindoflako 


Polar  type 


Temperate  type 


TVqpieal  tgrpe 


First  order. 


Second  order. 


Third  order. 


One  circulation 
period  possible  in 
summer,  but  gener- 
ally none. 


One         circulation 
period,  in  summer. 


Circulation  at  aU 
seasons,  except 
when  surface  is 
frosen. 


Two  circulation 
periods  possible,  in 
spring  and  fall,  but 
genendly  none. 


Two  circulation 
periods,  in  spring 
and  autumn. 


Circulation  at  all 
seasons,  except 
when  surface  is 
frosen. 


One  circulatioo 
period,  possiUein 
winter,  out  gener- 
ally none. 


One         circulatioo 
period,  in  winter. 


Circulation    at  all 
seasons. 


Wind  Currents,  Wind  produces  important  horisontal  currents.  The  ve- 
locity of  surface  water  in  Lake  Erie  is  about  5  per  cent,  of  the  air  vdodty. 
Ackermann  showed  that  the  surface  water  of  Owasco  Lake  (N.  Y.)  had  a 
velocity  of  3  per  cent,  of  a  wind  velocity  of  5  mi.  an  hour,  and  1  per  cent,  of  a 
wind  velocity  of  30  mi.  an  hour.  After  wind-driven  water  strikes  the  shore, 
it  runs  back  below  the  surface.  This  is  called  an  undertow  currenL  Between 
the  surface  and  the  undertow  currents  there  is  a  slow-motion  zone  called  the 
shearing  plane. 

Removal  of  Color.  Storage  removes  color  because  of  the  bleaching  action 
of  sunlight  and  the  coagulation  and  precipitation  of  colored  vegetable  matter 
held  in  colloidal  solution.  The  sun's  rays  are  rapidly  absorbed  by  water 
and  their  bleaching  action  is  greatest  at  the  surface.  In  clear  waters  there 
is  little  bleaching  action  below  a  depth  of  5  ft.  and  in  turbid  waters  the  effect 
of  sunlight  may  be  felt  only  a  few  inches.  Wachusett*  records  from  1907 
to  1914  show  that  rate  of  reduction  of  color  at  bottom  of  reservoir  wtf 
30  per  cent,  less  than  at  surface.  In  Ashland  and  Hopkinton  reservoirs  (MtflS.) 
bottom  decolorization  is  about  50  per  cent,  of  that  at  surface.  In  some  wateff 
coloring  matter  is  in  colloidal  solution,  for  example  Dismal  Swamp.  Sueh 
coloring  matter  is  often  reduced  quite  suddenly,  by  the  coagulation  rf  to 
particles  and  their  rapid  precipitation.  SunUght  is  not  indispensable  for  the 
coagulation  of  colloidal  color.  Iron  is  a  component  part  of  chlorophyll  bsA 
its  derivatives,  from  which  the  coloring  matter  in  water  is  derived.  Afl  the 
coloring  matter  is  decomposed  in  the  presence  of  oxygen,  the  iron  is  changed  to 
its  insoluble  ferric  state  and  is  precipitated  on  the  bottom  of  the  reeervoii* 

*  Metropolitan  Waterworks,  Boston. 
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Table  848.    Bacteria  in  Thames  RiTor  Water  Before  and  After  Stomfle,  liOf-H 

(Houston) 


Numben  of  boeterim  per  o.e. 

Per  o«Bt.  of  ■ftmpl—  toatias  porithoto 
B.  eoli 

OngeUk- 
tiii.20*to 
2r  C. 

OiiAttr. 

Onbilo- 

Mlt  OfU 

vrcT 

100 

0.0. 

10 
e.0. 

1 

CO. 

0.1 

O.O. 

S.M 

•A 

River  Thames . . 

Chelsea     stored 
water 

4465 
208 
95.3 

280.0 
44.0 
84.3 

^1.0 

5.0 

87.8 

99.9 
57.2 

97.7 
32.5 

83.1 
13.4 

48.3  10.1 
3.8    1.1 

Percentage     re- 
duction  

L 1 

Table  849.    Average  Bffidency  of  Washington  Water  Pnrifloation  Sjstsin 


Turbidity 


Reaeryoir  outlet 


1007 

1908 

1900 

1910 

1911 

1912 

fcr 


Oyit. 


Dalecarlia 

Georgetown 

McMillan  Park 
Filtered  water. . 


46 

53 

50 

30 

18 

59 

37 

45 

32 

29 

16 

23 

29 

31 

22 

18 

10 

13 

2 

2 

1 

1 

0 

0 

43 
30 
22 

1 


Bacteria 


Dalecarlia 

Georgetown 

McMillan  Park. 
Filtered  water. . 


1,940 

2,700 

1,950 

13,850 

3,370 

6,000 

1,680 

2,940 

950 

10,850 

2,080 

2,600 

635 

1,250 

390 

6,820 

1,390 

1,100 

31 

55 

21 

143 

38 

35 

4,970 

3,350 

1,930 

54 


Table  350.    Influence  of  Temperature  on  Survival  of  Typhoid  Bacteria 

(Houston) 


Temperature 

No.  of  weeks  and  No.  of  bacteria 

1        1      2              3             4             5 

6             7 

8            9 

O^'C. 

5*»C. 
10**  C. 
18°  C. 
27**  C. 
37**  C. 

47,766 

14,894 

69 

39 

19 

5 

980.0 

26.0 

14.0 

3.0 

0.1 

0.0 

65.0 
6.0 
3.0 
0.4 
0.0 

34.0 
3.0 
0.3 
0.0 

3.0 
0.3 
0.0 

3.0 
0.1 

2.0 
0.0 

1.0 

0.0 



r                               1 
1                              * 

. 

—1 

Initial  number  of  cultivated  typhoid  bacteria  added  »  103,300  per  c.c,  Thames  river  water. 

germs,  particularly  typhoid  and  cholera  bacteria.  Typhoid  fever  bacteria  die 
out  more  rapidly  at  higher  than  at  freezing  temperatures.  TTiey  die  out  in 
ice  in  spite  of  cold  rather  .than  because  of  it. 

Effect  of  Storage  on  Microscopic  Organisms.  In  order  to  prevent  growths 
of  organisms  water  from  the  drainage  area  should  be  delivered  quickly  and 
stored  in  a  reservoir  which  will  not  add  to  the  organic  content.  It  should 
not  be  allowed  to  stand  for  any  considerable  length  of  time  in  contact  with 
organic  matter.    In  deep  reservoirs,  little  life  exists  below  the  transition  lonc* 

*  Transition  Zone,  sometimes  caUed  Thermocline  or  Discontinuity  Layer — OermaB:  Spmat* 
echicht — is  the  relatively  thin  layer  between  the  upper  and  lower  layers,  where  the  temporatare 
changes  rapidly  with  the  depth. 


CHAPTER  XXXIII 
SKDTMKNTATION 


Plain  subaideiice  or  sedimentation  serves  to  remove  the  subeidabie  silt  sbI 
olay.  It  is  the  cheapest  method  of  removing  tiioee  partideB  which  settle  out 
in  a  moderately  short  time  and  which  would  rapidly  dog  a  filter.  Subsideoee 
is  effected  in  open  basins  with  concrete  floors  or  in  impounding  lusmvoiii 
which  are  designed  to  hold  from  a  few  hours'  to  several  days'  supply,  h 
the  ifUermUterU  system  a  basin  is  filled,  allowed  to  stand  and  then  is  dnuosi 
In  the  conUnuaua  system  water  flows  through  the  basin  constantly.  CkaiiiDg 
is  usually  accomplished  hydraulically  by  opening  gates  and  flushing  out  the 
sediment.  Bottoms  of  well-designed  subsiding  basins  usually  slope  to  draios 
or  openings.  Hose  streams  are  frequently  used  to  move  the  sediment  to  the 
drains.  A  very  few  plants  employ  hydraulic  dredges.  Sdf-deaning  haeam 
are  not  practicable  because  of  the  large  aise  of  some  isediment  particleB, 
although  sand  ejectors  have  been  built  in  the  bottoms  of  grit  chamben 
(Cleveland). 

Theoretical  Conaiderationa.  The  theory  of  subsidence  has  been  eluci- 
dated by  Hasen  and  others.  (T.  A.  S.  C.  E.,  ftS,  1904,  45.)  Every  partide 
in  suspension  tends  to  move  downward  at  a  vdodty  depending  upon  its  sii^ 
weight,  shape  and  upon  the  viscosity  of  the  water.  Spherical  partides  settle 
more  rapidly  than  irregular  particles  of  the  same  specific  gravity.  PartideB 
in  colloidal  solution  are  so  fine  that  they  are  not  acted  upon  by  gravity  unless 
coalesced  into  groups.  Water  containing  sediment  and  free  from  colloidal 
matter  (e.g.j  clay)  in  a  perfectly  quiet  basin  will  clear  most  rapidly  at  the  top; 
the  coarse  particles  will  go  down  faster  and  there  will  be  a  progressive  clearing 
downward.  Most  minerals  suspended  in  water  have  a  specific  gravity  of 
from  2.1  to  2.9.    The  sp.  gr.  of  quartzite  sand  is  2.65. 

Table  261.     Velocities  at  which  Particles  of  Sand  and  SUt  wUl  Subside  in  StiU 

Water 
(Hazen,  Wiley  and  Others) 


Diani.  of  particles, 

Hydraulic  value,  in  mm. 

Diam.  of  particles. 

Hydraulic  value,  in  mm. 

in  mm. 

per  sec.  at  10*  C. "  60*  F. 

in  mm. 

per»ec.«tlO*C.-S(fF 

1.00 

100* 

0.03 

1.3t 

0.80 

83* 

0.02 

0.62t 

0.60 

63* 

0.015 

0.35t 

0.50 

53* 

0.010 

0.154t 

0.40 

42* 

0.008 

0.098t 

0.30 

32* 

0.006 

0.055t 

0.20 

21* 

0.005 

0.0385t 

0.15 

15* 

0.004 

0.0247t 

0.10 

8* 

0.003 

0.0138t 

0.08 

6t 

0.002 

0.0062t 

0.06 

3.8t 

0.0015 

0.0035} 

0.05 

2.9t 

0.001 

0.00154t 

0.04 

2. It 

0.0001 

0. 0000154} 

*  Experiments  by  Haien.     f  Interpolated  from  connecting  curves. 
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excessive  bottom  vdocities  or  the  favorable  e£Fect  of  contact  with  the  abeady 
subsided  particles,  are  given  in  Table  253. 

Table  858.    Comparison  of  Different  Arrangementa  of  Settling  Baaiaa 

(Hazbn,  T.  a.  S.  C.  E.,  Vol.  53,  1004) 


Description  of  badiiB 


LbMin 


ValuMof  ^ 


One-half 
ranovwl 


fonitlis 

FBDlOTeit 


Theoretical  maximum  (canliot  be  reached) 

Surface  skimming,  Rocnner-Roth  system 

Intermittent  basms,  reckoned  on  time  of  aervioe 

ouly 

Continuous  basin^  theoretical  limit 

Close  approximation  to  ditto 

Very  well  baffled  basin 

Good  baffling 

Two  basins  tandem 

One  long  basin,  well  controlled 

Intermittent  basin,  in  service  half  time 

One  basin,  continuous 


A 

0.50 

0.75 

0.875 

B 

0.54 

0.98 

1.S7 

C 

0.63 

1.26 

1.88 

D 

0.69 

1.38 

2.08 

16 

0.71 

1.45 

2.23 

8 

0.73 

1.52 

2.37 

4 

0.76 

1.66 

2.75 

2 

0.82 

2.00 

3.70 

li 

0.90 

2.34 

4.50 

E 

1.26 

2.50 

3.80 

1 

1.00 

3.00 

7.00 

Lines  corresponding  to  basins  of  different  arrangements  noted  in  Tabk 
253  are  shown  in  Fig.  349. 

The  diameter  of  particles  in  millimeters,  such  that  75  per  cent,  will  be 
removed  with  continuance  of  operation,  may  be  computed,  according  to  Haseo, 
by  the  formula: 


d  =  0.0027/  \h""°°  F^^^"^  ^"^^  Vr 

•^    ^area  of  basin  in  acres    ^t 


60^ 
-MO 


"in  which /is  a  factor  depending  upon  the  arrangement  of  basins  and  baffling. 
Use  1.73  for  a  basin  with  one  inlet  and  one  outlet  well  separated;  1.41  for  two 
basins  through  which  the  water  passes  successively;  1.22  for  a  well-baffled 
basin  or  other  specially  good  arrangement.  /  =  1.00  is  a  theoretical  limit  not 
reached  in  practice.  In  the  last  term  t  is  temperature  in  degrees  Fahrenheit. 
For  comparisons  use  t°  =  50  in  all  cases.  The  rule  does  not  apply  for  separsr 
tions  above  0.05  mm.  It  is  not  precise,  but  it  affords  a  convenient  basis  for 
comparing  various  sedimentation  and  coagulating  basins.'' 

Effect  of  Temperature.  Because  of  greater  viscosity  of  water  at  low  tem- 
peratures, a  particle  of  silt  will  settle  twice  as  fast  at  a  temperature  of  23°  C 
(74**  F.)  as  at  0°  C.  (32*'  F.).    The  rate  of  settling  at  different  temperatures 

varies  as  — '        -.     Annual  average  temperature  of  water  in  lakes,  ponds 

and  open  reservoirs  in  northern  U.  S.  is  about  10°  C.  =  50**  F. 

Practical  Considerations.  Quantities  of  solids  carried  in  suspension  by 
several  American  rivers  are  given  in  Table  25.  Results  obtained  in  various 
subsiding  and  coagulating  basins  are  given  in  Table  254.  Experiments  at 
New  Orleans  showed  that  from  Mississippi  river  water,  containing  an  average 
of  650  p.p.m.  of  suspended  matter  and  an  average  turbidity  of  600  p.pm., 
the  amounts  of  suspended  matter  given  in  Table  255  would  be  deposited. 


SEDIMENTATION 

Table  SU.    Subsiding  and  CoagnlatinK  Basins 
(Hazbn,  Trans.  Aubr.  Soc.  C.  E.,  Vol.  53,  1904,  p.  70! 


Hori- 
lanUl 


r    Typeof      { 
1  Fig.  3M  ■     , 


Hydnulk!  Dial 

Heat  I  pulicie* 


0.2 
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Table  256.    Sstisuitad  Ammmtt  ol  SnspMidtd  Matter  wUch  ITonld  be  Deforitod 

from  Miidgsippi  Si?er  Water 


Pwiodof 

•ubtidenoe, 

hours 

Suspended 

nwtter.  parts 

per  mlUioii 

Percentsje  femored 

ModNmowl 

flIHos 
turtildity 

Bttspeiidsd 
UMtter 

Per  milUon  csDoM 

Cttbie  jraida           Toai 

12 
24 
48 
72 

216    ' 
290 
350 
385 

19 
28 
37 
42 

33 
45 
54 
59 

2.28 
3.07 
3.71 
4.08 

2.48 
3.35 
4.05 
4.45 

Sp.  gr.  of  mud  at  New  Orleans  »  1.3;  weight  of  mud  per  eu.  ft.  -■  81  lb. 

RwuUs.  As  a  rule,  well-baffled  basins  having  a  capacity  equal  to  8  his.' 
flow  will  remove  particles  larger  than  0.02  mm.  in  diameter.  Basins  having 
a  capacity  equal  to  24  hrs.'  flow  will  remove  particles  larger  than  0.007  mm. 
At  Washington,  D.  C,  in  a  succession  of  three  reservoirs  (see  Table  249, 
p.  682)  holding  a  week's  supply,  particles  larger  than  0.003  are  removed. 
Removal  of  the  bulk  of  the  suspended  matter  is  usually  all  that  is  necessary 
as  a  preliminary  to  filtration.  Suspended  matter  in  day-hearing  Mreamt 
cannot  be  completely  removed  even  after  weeks  of  subsidence.  Intermittent 
basins  possess  no  advantage  over  properly  designed  continuous  basins. 
Allowing  for  the  time  out  of  service,  they  do  only  slightly  more  effidoit 
work,  and  furthermore  deliver  the  water  at  a  lower  elevation.  Ordinary 
baffling  raises  the  efflciency  of  continuous  above  that  of  intermittent  basins. 
Horizontal  basins  should  have  a  length  not  exceeding  one  and  one4ia]f 
times  their  width.  Greatest  efficiency  is  obtained  in  a  high  vertical  basin 
with  the  entering  water  well  distributed  at  the  bottom  and  the  effluent 
skimmed  fron^  niany  points  at  the  surface;  but  this  type  is  impracticable  for 

Table  266.    Variations  of  Turbidity  and  Temperature  of  Water  in  Snbiidiiic 

Basins  at  Various  Depths* 
(Source,  S.  B.  1,  New  Orleans  Experiments) 


Date 
1901 

Hour 

River  water 

Inlet  end 

Outlet  end 

Silicat 
turbidity 

Temper- 
ature, de- 
grees Fahr. 

1 

SiUoa 
turbidity 

Temper^ 
ature,  de- 
grees Fahr. 

Silica 
turbidity 

Temp«^ 

atort^  OS* 

greaiFsbr. 

fo 

10 

62.6 

20 

64.4 

2 

12 

61.7 

25 

61.7 

Mar.  26 

10 

900 

52.1 

* 

4 

190 

56.3 

220 

56.3 

6 

380 

56.3 

400 

56.3 

,8 

480 

55.4 

440 

55.4 

0 

40 

64.4 

80 

63.5 

2 

180 

58.1 

180 

58.1 

Mar.  27 

9 

950 

54.6 

4 

4 

360 

55.4 

360 

56.3 

6 

500 

55.4 

550 

55.0 

8 

625 

54.6 

600 

55.0 

975 

53.2 

i 

0 
2 

4 

6 

8 

100 
270 
400 
440 
600 

100 
270 
380 
480 
600 

Mar.  28      10 

: 



V  ^ 

*  T.  A.  S.  C.  E.,  Vol.  53,  1904,  p.  76.         f  Parts  per  million. 


CHAPTER  XXXIV 


AERATION*  AND  CHEMICAL  TREATBffENT 

Aeration  consists  in  bringing  water  into  intimate  contact  with  air  in  order 
to  introduce  oxygen  for  the  oxidation  of  iron  or  organic  matter,  and  for  wash- 
ing out  gases  and  volatile  odors.  Water  sprayed  in  fine  streams  from  varying 
bights  absorbs  oxygen  rapidly.     For  the  solubility  of  oxygen,  see  p.  643. 

Table  267.     Oxygen  Absorbed  by  Water  Sprayed  from  Various  BQghtt 

(Oesten) 


Hight  of  f aU 

Oxygen  absorbed  in  psrtB 
Iter  million 

Centimeters 

Inches 

10 

25 

50 

100 

200 

4 
10 
20 
40 
80 

1.21 
1.79 
2.52 
6.50 
7.33 

Table  268. 


Carbonic  Acid  Left  in  Solution  after  Aeration  by  Exposure  in  Drops 

(G.    C.   AND    M.   C.   WmPPLE) 


Carbonic  add  (parts  per  million) 

At  the  start 

5.0 
4.1 
3.5 
3.0 
2.5 
2.1 

10.0                25.0 
6.9                13.8 
5.3                  9  3 

50.0 
23  4 
14.0 

8.5 
4.5 
2.1 

After  0.5  sec 

After  1  sec 

After  2  sec 

4.1 
3.0 
2.1 

6.2 
3.8 
2.1 

After  5  sec 

After  15  sec 

TabU  269.     Hydrogen  Sulfide  Left  in  Solution  after  Aeration  by  Exposure  in  Drops 

(G.  C.  AND  M.  C.  Whipple) 


rp.^^                               Sulfureted  hydrogeD  (parts 

Odor 

At  start 

15.2 

10.2 

5.0 

2.6 

Faint 
Very  faint 
Verv  faint 

None 

After  1  sec 

After  1.5  sec 

After  2.0  sec 

The  removal  of  dissolved  gases  and  odors  is  difficult.  Aeration  may  be 
accomplished  by  sprays,  cascades  or  fountains.  Small  streams  are  better 
than  large.  Good  dispersion  is  produced  where  the  water  revolves  in  the 
pipe  i)efore  it  issues  from  nozzle;  various  spray  nozzlesf  on  the  market  embody 
this  principle.  Cascades  economize  head,  and,  when  the  water  is  distributed 
in  thin  sheets,  are  very  efficient.     Superimposed   pans  with  alternate  p6^ 

*  Aeration  has  Buccoaafully  removed  odors  from  waters  at  Newark.  N.  J.;  Grassy  Sprain  TtA» 
Yonkors.  N.  Y.;  Whiting  St.  res.,  Holyoke,  Mass.;  Ludlow  res.,  Springfield.  Mass.  It  has  b«ea 
undort.ikfii  on  large  scale  for  Now  York  City's  Catakill  supply,  through  nossles  causing  exposure  « 
water  in  v«*pray  for  a  few  Hcconds  under  at  least  10-ft.  head.  (See  p.  260.)  Such  aeration  will  not 
only  oxygenate,  but  reduce  free  carbonic  acid  from  about  20  to  5  p.  p.  m.  and  remove  pr<^Wj 
three-fourths  of  odors  of  growth  and  decomposition. 

t  See  pegcs  259  and  260. 
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substance  for  absorption.  This  has  an  important  bearing  upon  the  pomr  of 
aluminum  and  other  hydrates  used  as  water  coagulants  which,  when  precipk 
tated  in  water,  pass  gradually  through  the  colloidal  into  the  true  suspoided 
state  and  in  doing  so  offer,  because  of  their  small  sise,  a  corresponding  Tiit 
surface  for  the  attraction  of  suspended  matter  such  as  day,  ccdor  and  bacteria. 

Cdloidal  solutions  are  of  two  kinds,  those  wherein  the  substances  aie  dii- 
persed  in  water  (where  water  is  the  external  phase)  and  those  wherein  watvii 
within  the  expanded  honeycomb  structure  of  the  substance  (where  watv  ii 
the  internal  phase).  Colloidal  gold  is  ^n  example  of  the  first,  gelatin  of  the 
second  kind  of  solution.  Where  water  is  the  external  phase,  and  where  theeot 
loids  are  suspended  electrically,  the  particles  will  migrate  or  move  wboi  aa 
electric  current  is  present,  to  the  positive  or  negative  poles,  depending  upon  the 
preferential  absorption  of  negative  or  positive  electrical  charges  by  the  ps^ 
tides.  Colloidal  clay  has  a  negative,  aluminium  hydrate  a  positive,  charga 
Colloids  of  like  charges  repd,  while  those  of  opposite  charges  attract  one  another. 
In  Posen,  Poland,  the  colloidal  coloring  matter  in  the  deep  well  water  and 
the  colloidal  iron  in  the  aerated  shallow  wdl  water  mutually  precipitate  mA, 
other  when  the  waters  are  mixed  in  the  right  proportions.  Where  water  k  tike 
internal  phase,  some  of  the  gdatin-like  substances  may  pass  in  and  out  of 
solution  by  the  expansion  and  contraction  of  the  honeycomb-like  structure  of 
the  substance.  These  colloids  are  '^  reversible.''  The  existence  of  this  stm^ 
ture  may  explain  how  certain  vegetable  matters,  like  vegetable  albumens,  waj 
retard  coagulation  by  preventing  contact  of  the  particles  of  coagulant,  if., 
they  interpose  their  structure  between  the  particles.  Other  colloids  whidi, 
when  thrown  out  of  solution,  cannot  be  taken  up  again  without  redivision  are 
called  "irreversible." 

Electrolytes  (dissolved  salts  which  conduct  current)  tend  to  predpitate 
colloids.  This  is  why  coagulation  in  soft  waters  is  more  difficult  than  in 
hard.  Any  contact  surface,  particularly  one  covered  with  a  film  of  already 
coagulated  substance,  favors  coagulation,  likewise  agitation,  mixing,  friction, 
time  or  high  temperature,  all  of  which  tend  to  bring  the  divided  partidee  into 
contact. 


Table  260. 

Principal  Chemicals  Used  for  Water  Purification 

Trade  name 

St«-««'                         ''"SSS/enr"            5?5SISi" 

Baaic  sulphate  of  alum- 
ina. 

Ferrous  sulphate 

Copper  sulphate . . .  • 

Quicklime 

16-23%  AltOa 

95-100%  FeSO«.  7HtO 
99%  CuSO«  +  5HtO 
75^99%  CaO 
80-99%  Ca(OH)t 
58%  NasO 
70-76%  NafO 
98%  BaCOi 
30-38%  CI 
100%  CI 

Ali(S04)t,  XHtOt-f  XAlsOi 

FeSOi.  7HtO 

CuSOi 

CaO 

Ca(OH)f 

NasCOs 

NaOH 

BaCOi 

CaCIt.  CaCOao 

90.80^1.10 

o.co-  o.so 

4.50-7.75 

0.25- o.ao 

0.30- 0.«5 
0.90-  1.75 
2.00-  4.00 
2.00- 4.00 

1.25- 2.» 
7.00-10.00 

Ilydratcd  lime 

Soda  ash 

Caustic  soda 

Barium  carbonate 

Bleaching  powder 

Liquid  chlorine 

Coagvlation  serves  two  purposes:  (a)  it  gathers  into  groups  or  floes  partidcB 
which  in  a  dispersed  condition  could  not  be  removed  by  subsidence  or  filtration; 

*  These  are  normal  ranfces  of  prices.    Prices  have  been  abnormally  hich  during  the  EuropflU  vtf- 
Caustic  soda.  $6.50;  bleaching  powder,  $15.00  (Mar..  1016).    See  B.  N..  Mar.  10.  1916.  pu  530. 
t  X  means  uncertain  number  of  molecules;  the  eubetance  ia  a  miztureu 
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cannot  be  completely  decolorised  by  sulfate  of  alumina  alone.  The  greater 
part  of  this  residual  color  may  be  removed  by  treating  the  water  with  CI  before 
adding  the  sulfate.  At  Exeter,  N.  H.,  in  1914^  the  addition  of  an  average 
of  0.5  p.p.m.  of  chlorine  to  the  raw  water  with  an  average  of  32.8  p.p.nL  of 
sulfate  of  alumina,  reduced  the  color  from  an  average  (rf  56  to  an  average  of  M 
p.p.m.  During  the  previous  year,  without  the  use  of  chlorine,  color  could  not 
be  reduced  below  27  parts,  even  with  an  increased  doee  of  sulfate  of  alumina. 
This  experience  has  been  repeated  at  Bdfast,  Me.,  where  an  impounded 
reservoir  water  is  treated,  and  at  the  Arlington  Mills,  Lawrence,  Mass.,  where 
the  Spicket  river,  which  has  had  a  color  as  high  as  180  p.p.m.,  is  treated. 
During  the  winter,  in  Belfast,  it  is  impossible  to  reduce  the  color  suffidentfy 
or  even  completely  coagulate  the  water  without  the  addition  of  chlorine.  hX 
the  Arlington  Mills,  the  color  was  reduced  during  June,  1915,  from  an  average 
of  83  p.p.m.  to  an  average  of  10,  the  dose  of  chemicals  being  62  p.p.m.  of  sul- 
fate of  alumina,  10  of  soda  and  0.1  part  of  chlorine.  Without  chlorine,  redue- 
tion  of  color  to  10  p.p.m.  or  less  was  impossible. 

Many  very  highly  colored  waters,  like  that  of  the  Great  Swamp,  in  the  Sooth 
(G.  C.  Whipple,  Proc.  Am.  W.  W.  Ass'n  (1911),  pp.  261-276),  which  have  a 
carbonate  alkalinity  of  9  and  a  color  of  150  p.p.m.,  are  often  really  acid  with 
vegetable  acids.*  Addition  to  this  water  of  up  to  1.5  g.p.g.  of  sulfate  d  alum- 
ina produced  no  apparent  reaction  in  24  hrs.  A  further  addition,  up  to  2J{ 
g.p.g.,  removed  a  large  proportion  of  color,  but  addition  of  more  than  4  g.p.g. 
could  not  reduce  color  below  25  p.p.m.  To  decolorise  such  wata^B  completely, 
either  the  bulk  of  the  precipitate  must  be  increased  by  addition  of  mote 
sulfate  with  alkali  to  react  with  it  or  by  the  addition  of  chlorine.  An  exoen 
of  sulfate  of  alumina  lightens  the  color  of  natural  water;  an  excess  of 
alkali  deepens  it.  The  amount  of  color  which  can  be  removed  by  the  same 
dose  of  sulfate  of  alumina  varies  greatly  with  the  character  of  the  coloring 
matter. 

Ferrous  sulfate  in  conjunction  with  lime  is  a  very  good  coagulant  for  turbid, 
alkaline  waters  such  as  those  of  the  Missouri  and  Ohio  basins.  Its  formula  is 
FeS04,7H20.  The  best  form,  known  as  "sugar  of  iron"  or  "sugar  sulfate," 
is  partially  dehydrated  and  contains  over  "100  per  cent."  of  sulfate  calculated 
as  FeS04,7H20  and  less  than  1  per  cent,  of  foreign  matter.  Ferrous  sulfite 
forms  a  coagulum  of  greater  specific  gravity  and  is  considerably  cheaper  Uian 
sulfate  of  alumina.  On  the  other  hand,  it  must  be  used  in  conjunction  with 
lime.  The  addition  of  two  chemicals  requires  more,  and  more  skilful,  supe^ 
vision  than  one.  But  the  addition  of  lime  where  temporary  hardness  is  high 
softens  the  water.  Ferrous  sulfate  and  lime  cannot  well  be  used  with  waters 
which  are  high  in  color  or  which  are  alternately  turbid  and  colored.  Neither 
can  they  well  be  used  with  soft  waters,  because  any  surplus  lime  would  ff^ 
the  water  a  caustic  alkalinity. 

The  reaction  is  complicated,  but  may  be  given  as  follows:  The  sulfst* 
reacts  with  the  bicarbonates  in  the  water  forming  ferrous  bicarbonate,  vii: 
FeS04  +  CaCOaHjCO,  =  FeCOiHjCOa  +  CaSOi.    This  would  oxidiie  and 

*  Some  vcKetable  acids  are  weak  and  react  alkaline  with  litmua,  methyl  orange,  erythroHM  ^m 
other  indicators  of  relatively  high  acidity;  they  react  acid  to  phenolphthalein  and  other  '--*-''*'^ 
of  low  acidity. 
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paratuB  are  said  to  overoome  these  difficulties  1^  means  of  medisinfisl  de- 
vices to  keep  the  electrodes  clean  and  automatic  electrical  oontrob  topnrat 
pdarisation  and  the  ineffective  apidication  of  current  (Fig.  382).  Tte  pno- 
ess  cannot  compete  in  cost  with  chemicals  where  freights  are  moderate;  ii 
regions  where  electric  current  is  cheap  and  freights  hig^  it  may  be  BmgkjBi 
to  advantage.  Addition  of  iron  electrolytically  may  require  tiie  additioii  of 
lime  to  reduce  the  €X>t  and  precipitate  the  hydrate. 

Copper  mlfaie  is  used  as  an  ajgadde.  The  commercial  salt  has  the  f<v- 
mula  CuSOi  +  5H|0,  and  is  known  as  ''blue  vitrid.''  Ferrous  sulfate  eon- 
taining  1  per  cent,  of  copper  sulfate  has  been  used  at  Marietta^OhiOi  asaeoigD- 
lant    Ten  p.p.m.  of  copper  sulfate  wiQ  destroy  B.  colL 

Lime  is  used  for  watw  softening;  for  an  alkali  with  ferrous  sulfate  andsrffati 
of  alumina;  and  to  neutralise  acid  waters.  Pure  lime  has  the  formula  CaO, 
but  ordinary  building  lime  may  contain  as  little  as  75  per  cent.  For  witer 
softening,  the  lime  should  not  contain  less  than  85  per  cent,  oi  soluble  CaO, 
and  preferably  more  than  90  per  cent.  The  presence  oi  caldum  carbonate, 
CaCOs,  is  not  disadvantageous  for  neutealixing  acid  waters.  Lime  should  be 
fresh  and  crushed  or  ground  into  lumps  smaller  than  2  in.  diam.  It  shodd 
be  stored  in  tight  bins  to  prevent  air-slaking. 

Hudrated  lime  is  quicklime  which  has  bee(|Q  slaked  by  steam.  It  is  more 
convenient  to  use  than  quicklime,  especially  for  dry  feeding.  It  does  sot  re- 
quire slaking,  and  does  not  deteriorate  by  storage.  It  is  usually  purer  tlua 
most  quicklimes.  Hydrated  lime  costs  more  than  quicklime,  largely  beeauM 
of  its  increased  weight  (32  per  cent.)  due  to  hydration,  and  consequent  in- 
creased freight  charges. 

Soda  ash,  anhydrous  sodium  carbonate  (NasCOs)  containing  not  less  than 
58  per  cent.  NajO  or  98  per  cent,  of  NasCOs,  is  used  to  furnish  alkali  to  waters 
which  are  deficient  therein  and  to  soften  water  having  "permanent"  or  "min- 
eral acid''  hardness.  It  should  be  furnished  in  powdered  form  containing  no 
large  lumps  or  crystals,  and  not  more  than  0.5  per  cent,  of  matter  insoluble  in 
distilled  water.  Theoretically,  1  part  of  sulfate  of  alumina  requires  0.5 
part  of  sodium  carbonate  to  precipitate  it.  With  soft,  colored  waters  only 
about  one-half  of  the  theoretical  amount  should  be  added  lest  the  color  be  re- 
dissolved.  If  double  the  theoretical  amount  be  added  to  hard  waters,  no  free 
CO2  is  formed.  Soda  ash  is  the  best  alkali  to  use  in  small  plants.  It  is  more 
convenient  than  lime  and  requires  a  shorter  period  of  coagulation.  Its  coat  is 
more  tlian  three  times  that  of  lime,  for  equal  weights. 

Caustic  soda  is  also  sometimes  used  for  softening  waters  containing  "perma- 
nent" or  "mineral  acid"  hardness.  It  costs  from  2  to  2.5  times  as  much  as 
soda  ash  and  is  useful  only  where  small  quantities  are  required,  where  the 
presence  of  carbonates  is  undesirable  or  where  a  speedy  reaction  is  desired. 
Caustic  soda  is  sometimes  added  to  hot  boiler  feed  waters.  It  reacts  very 
quickly,  and  the  precipitate  formed  may  be  removed  by  a  filter  press  or  prea- 
sure  filter,  or  to  a  great  extent  in  a  feed  water  heater.  Caustic  soda  ia  fu^ 
nished  in  drums.    The  best  caustic,  soda  contains  about  76  per  cent,  of  Na/). 

Barium  carbonate  is  sometimes  used  to  remove  calcium  sulfate  (CaSOJ 
from  water.    Barium  carbonate  has  the  formula  BaCOi,  and  is  praetieslbr 
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removal  of  bacteria  a  larger  dose  of  sulfate  of  alumina  thanneoeaBarj  tocoi^ 
late  the  water.  When  waters  of  high  color  or  turbidity  are  safficientiT  de- 
colorized or  clarified,  removal  of  bacteria  is  adequate.  It  is  often  eeonoaiol 
to  add  chlorine  to  insure  the  safety  of  the  water  where  coagulation  cu  bi 
accomplished  by  smaller  doses  of  chemicals  than  would  be  required  for  tit 
sufficient  removal  of  bacteria.  It  is  best  to  determine  the  required  quantida 
of  chemicals  by  means  of  a  number  of  laboratory  expoiments  with  samples  of 
water  to  which  various  amounts  of  coagulant  have  been  added  and  the  reBBb 
noted. 


Table  261.     Quantities  of  Sulfate  of  Alumina  [VIJS  per  Cent.) 

late  Waters  of  Various  Turbidities 


Required  to  Coflfi" 


Turbidity, 
p.p.m. 

Basic  sulfate  of  alumina  :  17.5^  AlsOa  required 

Parta 

per    1.000.000 

Grs.  per  gal.              Lba.  per  l.OOD.OOO  gsL 

Av. 

Max. 

Min. 

Av. 

Max. 

Min.    !     Av.     '    Mar    .    3Iia 

1 

Under  10 

10 

17 

5 

0.60 

1.00 

0.30 

86 

143 

43 

15 

14 

20 

8 

0.83 

1.19 

0.48 

119 

170 

69 

20 

17 

22 

11 

1.00 

1.30 

0.61 

143 

186 

87 

40 

19 

25 

13 

1.12 

1.47 

0.74 

IBO 

210  1   106 

60 

21 

28 

14 

1.21 

1.61 

0.83 

173 

230  :   119 

80 

22 

30 

15 

1.29 

1.74 

0.90 

184 

249  1   129 

100 

24 

32 

16 

1.39 

1.87 

0.96 

199 

267 

137 

120 

25 

34 

17 

1.45 

2.00 

1.01 

207 

286 

144 

150 

27 

37 

18 

1.59 

2.18 

1.07 

227 

311 

153 

200 

30 

42 

19 

1.76 

2.47 

1.14 

251 

353 

1 

163 

250 

33 

47 

20 

1.92 

2.74 

1.19 

274 

391       170 

300 

36 

51 

21 

2.08 

2.99 

1.23 

297 

427 

176 

400 

39 

62 

22 

2.25 

3.60 

1.28 

321 

514 

1S3 

500 

42 

70 

23 

2.45 

4.08 

1.33 

350 

583 

190 

600 

47 

77 

24 

2.75 

4.50 

1.37 

393 

643 

196 

700 

50 

24 

2.92 

1.41 

417 

201 

800 

53 



25 

3.06 

1.45 

437 

207 

900 

55 

26 

3.19 

1.49 

456 

213 

1000 

56 

26 

3 .  28 

1.52 

469 217 

Table  262.     Average  Quantities  of  Sulfate  of  Alumina  (17.6  per  Cent)  Required 

to  Coagulate  Waters  of  Various  Colors 


Color, 
p.p.m. 

Under  10 

Average  sulfate  of  alumina  required 

Parts  per  1.000.000 

Grs.  per  gal.           '  Lbs. 

perl, 000,000  g»L 

14 

0.81 

116 

20 

19 

1.13 

161 

40 

27 

1.59 

227 

60 

33 

1.93 

276 

80 

38 

2.22 

317 

100 

42 

2.45 

350 

120 

45 

2.64 

377 

150 

50 

2.90 

414 

200 

57 

3.30 

471 

700 
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based  on  experience  at  Cincinnati,  and  New  Orleans  (1913-1914),  gives  the 
average  quantities  of  ferrous  sulfate  and  lime  required.  For  quantities  of 
chemicals  required  to  soften  water,  see  pp.  719  and  721. 

Quantities  of  copper  sulfate  required  for  different  organisms,  according  to 
Kellefmann  (Bui.  76  and  Bui.  100, 1906,  Bur.  of  Plant  Industry,  U.  S.  Dept.  of 
Agri.;  also  Proc.  8th  Internat.  Cong.  App.  Chem.,  26,  1912,  241)  are  given  in 
Table  264. 

Quantities  in  Table  264  should  be  increased  or  decreased  2.5  per  cent,  for 
each  degree  C.  below  and  above  15®.  If  organic  matter  and  alkalinity  be  high, 
or  if  carbonic  acid  be  low,  the  quantity  should  be  increased  further.  Keller- 
mann  recommends  that  the  limits  given  in  Table  265  should  be  set  to  prevoit 
killing  certain  fish. 

Table  266.     Safe  Limits  for  Treating  Water  with  CuSo4  to  Prevent  Killing  Fish 


Name  of  fish 

Parta  per 
million 

Pounds  per 
million  gallons 
(approximate) 

Trout ' 

0.14 
0.30 
0.30 
0.40 
0.40 
0.50 
0.75 
1.20 
2.10 

1.2 
2.5 
2.5 
3.5 
3.5 
4.0 
6.0 
10.0 
17.0 

Carp 

SucKers ' 

Catfish 

Pickerel 

Goldfish 

Perch 

Sunfish 

Black  bass 

Computing  Volume  of  Water  to  he  Treated.     If  the  body  of  water  treated  is 
so  deep  that  the  lower  strata  are  stagnant,  the  volume  of  water  treated  should 

include  onlv  that  above  and  within  the 
transition  zone.  (See  Limnology,  p.  676.) 
Approximate  volume  of  water  to  be 
treated  in  a  reservoir  or  pond  in  million 
gallons  =  i  X  area  in  acre^  X  average 
depth  in  ft. 

Devices  for  Adding  Chemicals.  It  is 
essential  that  the  coagulant,  whether 
added  in  solution  or  in  the  dry  form,  be 
accurately  proportioned  to  the  quantity 
of  water  treated.  The  flow  of  the  treated 
water  being  known,  the  dose  of  chemical 
may  be  varied  by  hand  from  time  to  time, 
or  automaticallv  bv  numerous  devices. 

Solutions,  Where  a  reciprocating 
pump  is  used  to  lift  the  water,  a  small 
coagulant  pump  may  be  attached  to  the 
valve  rod,  or  a  Hodkin.son,  variable-gtroke,  synchronous,  chemical  feed 
pump  may  be  used.  Fig.  353  shows  this  pump,  which  is  a  hydraulic  pump 
actuated  by  the  hydraulic  pressure  generated  alternately  from  the  two 
ends  of  the  reciprocating  pump  chamber.     The  stroke  of  this  pump  can  be 


Fig.  353. 
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ersted.  Attached  to  the  feed  tank  is  an  outlet  of  some  Bort.  The  one  ^wn 
in  Fig.  355  consifits  of  a  flexiUe  tube  coimect«d  with  a  calibnted  glass  tube 
which  can  be  raised  and  lowered  on  a  graduated  saale.  This  tube  dischaign 
into  a  pipe  connected  with  the  raw-water  main.  Whenercr  the  raw-mter 
pump  stops,  the  coagulant  pump  stope  ala6,  the  feed  tank  quickly  dntina  utd 
the  flow  stops ;  and  vice  oern  when  the  raw-water  pump  starts. 

The  first  automatic  ahemical  feed  devioee  based  on  ttie  Venturi  meter  were 
installed  at  Columbus,  Ohio,  in  1908,  after  deeigns  by  Gregory,  Jackson  and 
Connet  (U.  8.  Patent  No.  888776,  Oct.  22,  1907).  In  this  device  the  floia* 
actuated  by  the  meter  tube  operated  a  cam,  which  in  turn  oontroUed  the 


orifice  discharging  from  a  confitant-heod  tank.  Recently  at  Baltimore  the 
cam  has  been  used  to  start  and  stop  a  small  electric  motor,  which  in  turn 
controls  the  raising  and  lowering  of  the  plug  in  a  circular  orifice  disch&rgini 
from  a  constant-bead  tank.  At  Cairo,  Egypt,  the  plug  is  raised  and  lowered 
directly  by  meanB  of  the  cam.  Fig.  356  illustrates  this  type  of  apparatus- 
It  is  made  by  the  Builders  Iron  Foundry, 

A  similar  device,  of  New  Orleans  type,  is  shown  in  Pig,  357.  There  are 
three  float  tubes — A  and  B  connected  respectively  with  the  upstn^m  end  Mwl 
thrnat  of  a  Venturi  meter  through  which  the  raw  water  passes;  C  conneeted 
with  a  feed  tank  of  the  gravity  ball-cock  type.  The  three  floats,  Fi,  connert 
with  a  lever,  L,  supported  on  the  fulcrum  P.  One  end  of  the  lever  is  connected 
with  an  automatic  valve,  V,  which  admits  coagulant  solution  into  the  tank  C. 
A  pipe  connects  C  with  the  Feed  tank  7*.  This  system  of  levers  and  valw 
maintains  a  head  over  the  orifice  in  the  feed  tank  equivalent  to  the  differenK 
in  elevation  between  the  water-levels  in  float  tubes  A  and  B,  thus  discha^K 
the  coagulant  solution  in  direct  proportion  to  the  flow. 
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Besides  the  above,  proportional  pietoa  or  rotary  meters 

used. 

Tanks  holding  ocirf  coapuiorti  solutions  should  be  built  of  concrete  or  enamcJ- 
lined  iron  and  the  piping  should  be  of  rubber,  glass,  earthMiware  or  add  re- 
Bistaot  metal.  Phosphor-bronze  withstands  sulfate  of  alumina  best  of  all 
alloys.  Alkaline  solutions  may  be  stored  in  iron  or  concrete  tanks  and  fed 
through  iron  piping.  To  pre- 
vent clogging,  pipes  handling 
lime  or  milk  of  lime  should  be 
of  ample  diameter  and  pro- 
vided with  numerous  clean- 
outs.  For  feeding  milk  (^ 
lime,  the  Sutro  weir  anii 
chemical  regulator  used  with 
Fio.  358.  '^^     Booth     water    softener 

(Trans.     Am.     Inst.     Chem. 
Engrs.,  Vol.  7,  1914)  are  well  adapted.  -  The  Sutro  weir.  Fig,  358,  is  designed 
so  that  head  above  crest  is  directly  proportional  to  discharge.     A  float  is 
placed  in  the  weir  chamber  and  connected  by  bell-crank  levers  and  rods  with 
the  cut-off  plate  of  the  chemical  regulator,  Fig.  359.     This  latter  is  a  pro- 
portional weir  in  which  the  lime  suspension  is  kept  in  constant  agitation  and 
therefore  homogeneous.     A  constant  head  is  maintained  over  the  discharge 
of  weir,  and  movements  of  the  cut-off  plate  cause  the  discharge  of  vari'ing 
amounts  of  solution   into   the   raw   water, 
unused  portions  being  returned  to  the  solu- 
tion tank.    Lime  may  be  fed  by  a  Venturi 
controller   like    one  used  at  New  Orleans. 
Where  chemicals  are  added  to  small  filters, 
a    differential    feeding    apparatus    may    be 
used.     In  the  Roberta  apparatus,  Fig.  360, 
the  feeding  ports  arc  prevented  from  clog- 
ging by  spiral  brass  rods  which  are  moved 
up  and  down  through  the  ports  every  time 
the  adjusting  handle  attached  to  the  pointer 
shown  on  the  graduated  dial  is  moved. 

Bleaching  powder  is  difficult  to  apply  to 
water.     It    is    first    mixed    with    a    smaller 

quantity  of  water — not  loss   than  0.5  gal.  •■»,-„„  .^  <_ 

water  per  lb.  of  bleach^and  this  "paste" 
thorouglily  mixed  and  diluted  to  make  a 
solution  containing  not  over  2  per  cent,  of 
bleach.  Considerable  sludge  is  produced,  and  the  chlorine  in  this  should  be 
recovered  by  agitating  it  with  water  and  using  the  water  after  the  subsidence 
of  the  .sludge  lo  make  up  the  next  batch  of  solution.  Tanks  for  bleach  sdu- 
tion  lire  liest  made  of  reinforced  concrete  or  pure  wrought  iron.  Piping  may 
be  of  pure  black  wrought  iron,  lead,  stone-ware  or  glass;  fittings  should  be 
of  stone-ware  or  acid-proof  bronze.     Avoid   wood,  copper,  ordinary  brass 


708 


WATERWORKS  HANDBOOK 


Sodium  hypochloriley  prepared  by  electrolyiing  a  sdution  of  sodium  eUo- 
ride,  has  been  used  in  place  of  a  solution  of  bleaching  powder.  The  brine  to  be 
electrolyzed  is  led  through  a  special  electric  cell  where  a  eomfdicated  reMtion 
takes  place,  which  may  be  partly  represented  \xf  the  fdlowing  formula: 

NaCl  +  HjO  +  current  -  NaOCS  +  Hi 

First,  the  sodium  is  liberated  at  one  pole,  the  chlorine  at  tiie  other.  Sodium 
then  decomposes  the  water,  forming  sodium  hydsoxide  and  hydrogen.  Chlo- 
rine combines  with  sodium  hydroxide,  forming  sodium  hypochlorite  and  hydro- 
gen. Hydro^^  esoapee.  Hie  solii- 
tion  discharged  from  the  oefl  may 
be  applied  to  water  like  any  other 
chemical  solution.  One  hp.  per  24 
hrs.  can  produce  from  10  to  12  lbs. 
of  chlorine,  as  NaOCl,  requiring  the 
use  of  25  to  30  lbs.  of  salt. 

Where  chemical  solulurfM  are  dis- 
charged ifUo  pump  9wiions^  a  pump 
suction  box,  fig.  303,  may  be  used. 
Di^Kharf/e^  of  Orifices  and  Wm, 
Table*  266  gives  discharges  of  a  V-notch^weir  under  small  heads.  Dis- 
charges of  weirs  with  rectangular  notches  are  given  on  page  508,  and  of 
circular  orifices  in  Figs.  364  and  365.  Rates  of  flow  of  chemical  scrfutions 
of  different  strengths  which  are  required  for  the  addition  of  ten  parts  of 
chemical  per  million  for  different  rates  of  filtration  are  given  in  Table  267. 

Table  266.     Discharges  over  a  W"  Triangular  Notch  Weir 
Q  =  2.6a^(Q  in  cfs.;  H  in  ft.) 


Wketl 


FiQ.  366. 


K 

GallonB 

Liters 

*•    . 

G&llons 

Liters 

inches 

per  mio. 

per  min. 

inches 

per  min. 

per  miii- 

■ 

0.076 

0.29 

31 

45.1 

171 

4 

0.42 

1.6 

i 

49.7 

188 

0.74 

2.8 

54.4 

206 

1.16 

4.4 

1 

59.2 

224 

1.71 

6.5 

1 

64.6 

245 

1 

2.38 

9.0 

} 

70.1 

266 

\ 

3.19 

12.1 

4 

75.9 

288 

1 

4.17 

15.8 

1 

82.1 

311 

1 

5.25 

19.9 

' 

88.3 

335 

6.55 

24.8 

95.1 

360 

7.99 

30.3 

• 

102.0 

387 

1 

9.60 

36.4 

109.2 

414 

J 

11.4 

43.0 

4 

116.7 

442 

2 

13.4 

51.0 

124.6 

472 

15.7 

60.0 

5 

132.7 

503 

18.0 

68.0 

1 

141.1 

535 

20.6 

78.0 

4 

150.0 

569 

23.5 

89.0 

159.0 

603 

26.5 

100.0 

:  ■ 

168.5 

639 

30.1 

114.0 

o 

178.3 

676 

T 
h 

33.4 

127.0       ' 

9 

4 

188.3 

714 

3 

37.0 

140.0 

^ 

198.8 

753 

X 

41.0 

155.0 

6 

209.5 

794 

*  Sec  abo  p.  600. 
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upturned  end  of  the  raw-water  pipe,  P,  in  the  chamber,  T.  A  grating.  G, 
prevents  the  cparser  lumps  from  settling  to  the  bottom  of  the  chamber  before 
they  are  dissolved.  Spray  pipes,  5,  are  sometimes  used  to  facilitate  the  solu- 
tion of  the  chemicals.  The  treated  water  passes  from  the  chamber  into  the 
coagulating  basin. 

Where  large  quantities  of  lime  or  soda  are  used  for  water  softening,  auto- 
matic weighing  devices  (discharging  intermittently)  may  be  used  in  place  of 
continuous  dry  feeders.  The  plant  at  Columbus,  Ohio  (Ann.  Rep.,  Div.of 
Water,  City  of  Columbus,  1914),  is  designed  to  add  lime  in  the  form  of  milk  of 
lime  containing  from  3  to  4  per  cent,  of  CaO.  Compressed  air  is  used  for 
stirring  this  suspension.  Lime  is  received  and  stored  in  bulk,  and  is  fed  into 
the  three  lime  slaking  tanks  from  three  small  hoppers.  Each  of  these  hoppers 
discharges  into  an  automatic  weighing  device,  electrically  controlled,  which 
weighs  out  the  desired  quantity  of  lime  at  regular  intervals  into  the  sinking 
tanks,  whence  the  lime  suspension  passes  into  the  solution  tank  and  thence, 
with  the  added  water,  into  the  stream  of  raw  water  in  the  mixing  tanks.  The 
Richardson  automatic  timing  device,  which  operates  the  automatic  scales,  con- 
sists of  a  clockwork  which  uniformly  rotates  a  circular  disk  with  contact  points 
on  its  circumference.  Every  time  a  contact  is  made,  a  charge  of  lime  is 
dumped  by  the  automatic  scales.  Different  di.sks  are  used  to  give  any 
desired  interval  between  contacts.  The  equipment  is  designed  so  that  if 
advisable  at  any  time  the  slaked  lime  may  be  added  directly  to  the  water 
without  first  passing  through  the  solution  tanks.  This  is  practically  the 
method  used  at  St.  Louis,  where  weighted  amounts  of  lime  are  added  at 
definite  intervals  of  time. 

Applying  copper  milfate  is  usually  effected  by  placing  in  a  bag,  perforated 
bucket  or  wire  basket,  attached  to  a  rope  and  dragged  back  and  forth  at  the 
stern  of  a  boat.  One  or  more  bags  may  be  used  at  the  same  time.  Speed  of 
boat  and  rate  of  addition  of  chemical  to  the  bucket  or  bag  may  be  so  regulated 
that  not  over  100  lb.  will  be  dissolved  in  an  hour.  The  boat  should  move  fast 
enough  to  avoid  too  great  concentration  near  the  bag,  that  the  killing  of  fish 
may  be  avoided.     It  is  better  to  apply  the  chemical  when  the  wind  is  blo^^ing. 

Period  of  coagulation  for  any  given  water  Ls  bast  determined  by  experiment, 
and  varies  from  0.25  to  G  hr.  for  sulfate  of  alumina  and  the  like  and  from  4  to 
12  hr.  for  softening  chemicals.  The  period  of  coagulation  for  water  purified 
with  modified,  slow  filters,  e.g.,  Washington,  should  be  long  enough  to  effect 
the  practically  complete  removal  of  all  the  coagulum  in  the  basin.  Usually 
24  hr.  is  more  than  ample.  Waters  applied  to  mechanical  filters  should  not  l>e 
given  so  long  a  poriod  of  coagulation  that  no  coagulum  will  be  left  to  form  suit- 
able films  in  the  filter.  An  increase  in  the  period  of  coagulation  often  reduces 
the  quantity  of  required  coagulant.  Quantities  of  sulfate  of  alumina  required 
for  the  Mississippi  river  water  at  New  Orleans,  after  subsidence,  were  as 
follows: 


Period  of  coagulation 

Sulfate  of  alumina,  p.p.m 

6  hrs. 

75 

12hrs. 

70 

24  hrs. 

70 

AERATION  AND  CHEMICAL  TREATMENT 


711 


•filSfl 

eoOOOO 
QOC^eo«ot>- 

209.0 
250.0 
292.0 
334.0 
375^0 

ooo©© 

OOOOO 

ooo© 

©oo 

-I  — 
uoi](iaj 

J9d  spdno^ 

«Oh«.g>^co 
«o«i^t^i^ 

SSoo 

1MI-1 

SiO  «0 
^94  CO 
^1^1  v4 

1  K 

o 

«co^w»o 

©COOOCl 

QCOC4  00 

oomoi 

3SS 

OOi-iNW 

co-*»o»o« 

t«xaoo>o 

r1 

o^e^coeo 

*H  ^1  r1  VH  ^1 

^cot«oo 

sss 

(Oeooto^ 

OOOM'* 
-iCOO"* 

coooi^ 

OOMCO 

^4 

00<-4C4  0 

CO'^'^tCCO 

t«  t^  QOC>  0) 

O'^C^MCO 

1.1  Til  1.4  ,M  »-4 

2c5S 

• 

s 

CO  00 

coOcocoo 

SraoSco 

^oo>oe>)ao 
o<oco©o 

icoe^co 

COCOOCO 

ss^ 

«» 

00»^WN 

C9^^>0«D 

cot*  OOOOO) 

^4  n  r1  r1  *H 

CO"*CO»^ 

w4  w^  ^^W^ 

oooco 

COQQCOb-M 

MOOXdfHX 

©loa^o 
t»eoS«5i 

coeoN^ 
a>c4>ooo 

i-iOt* 

1-t^M 

n 

*-4 

©©•^•-•w 

eoeo"*»o«o 

(Ot«t«Q0a» 

esi«<iioco 

OOO)  to 

i-ii-iC* 

«» 

Sis5gs 

CO  »o  00.^02 
i-«t*eoO« 

«aov-4<^(0 

C0©S94W 

C4t^e4t« 

iot*oesi 

3f:8 

00«-<^M 

coeo^ioo 

<O<Ot«00X 

06OO»-««^ 

MCOiOtO 

sss 

'S 

NCOCO^^ 

©(Oesi30<^ 

iCtQ«OCO(^ 
OtOCIW'^ 

f^ooooooi 

O«0C^)»««« 

o^eico 
^co»ot* 

» 

^ 

1          - 

00»H^N 

COCO^^iO 

(O(Ot*t*Q0 

0»0)OO«-4 

^4  f-4v4 

MCO-^tO 

cO«^ 

"3 

• 

8 

o 

1 

O 

o 

> 

w 
«» 

o 

CO 

«» 

<N 

1-4 
«» 

CiiC©«OM 

ob^oiOix 

©lOCO^O 

t*coo>"9^ 

25S2 

lOMCO 

co»oco 

00<-4<-<C^ 

CICO'^^O 

lQCOts.t^00 

«a*o»o^ 

COt«C0 

-If-lw 

1 

MCO 

Q0C0  0)>CO 

coococ^oa 
«c*it^eox 

COON-^ 
M00»Od 

[:gS 

§ 

©©•-•^N 

NCOCO^»C 

1-HIC©'^00 

t*c^ooeo« 

io«0(Or«r« 

aooo>©o 

•-•WCO"* 

•OtOd 

1-4 

©■^QOeor* 

•-tiO©<0^ 

eot*^»oo> 

f-i«0C4t«C0 

»occc«o 

00OC«-l 

o>t*3 

.-IC«CO 

©©,-«^M 

Mooeo'*-* 

•OiCCOh-t^. 

00  00  A  O^O 

•-4 

©-4  CO-* 

^4  ,iHl-4rH 

»OCOA 
i-i^C« 

d 

IB 

©c^^«o© 

^co>ct»a> 

Cs|-*«00© 

M^t*0>^ 
00  CO  00  CO  o> 

cor^e^co 

q5  voo 

§§8S8 

NCOCO"*-* 
>0©>QOU3 

iQiQtOCOt* 

t«  00  00  Q  0> 

O^dCO 
,-l^4  1MI-1 

<*  to© 

O 

o 

OlO©lflO 

f-l  ^^  r-l  w-l  wt 

iCOU3©»0 

©ooo 

WMCO 

©oo 

U 

00»Hf-iC< 

Neoco-*-* 

i0iO(0(0t« 

t«00  00OdO> 

©^NCO 

i-irtC< 

s 

o 

«» 

000(0 -ife^ 

QOOtO^M 
aOMt«cit« 

©WO-fC^ 

c<<o-<«o»-« 

CO©  o> 
^coi-i 

80 

©©©f-l-l 

CJC^COCC* 

^iQiOtOCO 

t«t*«»0) 

0)Of-«M 
^4  ^1 1-H 

CO'^© 

rH  f>4  *H 

^04  00 

O"<»«o»eoao 

OJifl^t^CO 

»co»oo>><« 

X^OtOM 
«C0  00C^t» 

ooo^eo 
i-i»-"00> 

»Oh»cO 

oot^co 

09 

1 

©o©.-«^ 

C^MCOCO^ 

•^iQiOiOO 

CO  t^  t«  00  00 

a>o^^ 

^H  1-H  f-4 

csico« 

1      ^ 
1      •» 

«» 

QOCI  O  ©  CO 
CO00M«^ 

»O©''*MC0 

CO"^i-iO 
b.cO»OC0 

0) 

ooo»H^ 

Mc^eoeoco 

^-^f  »o»o«o 

<ot«t»r«Q0 

oooao^ 
1-«^4 

wcot* 

^4  r1  ^4 

CO  to© 

O'^CCCifO 

©QN'iro 

t^Oii-ie^^ 

.H»O©'»t«00 

CO  00  O  ^^  CO 
M(0©>00 

^OO^iO 
CO^O« 

o 

s 

000«-»'H 

oiMOcoeo 

^^lOiOiO 

cocot^t»r« 

00  0)00 

C0C<«-iO 
Ot^iOCO 

OS 

s 

S 

s 

d 

o 

CO 

0>  O  CO 

b*  O)  9>  9  O) 

©cor^»-"»c 

OOQOt^t^t^ 

0>C0t*i-i»O 

t^(O«0>OiO 
O>C0t*»HiO 

•f -^fCOCO 
0»  CO  t*  ^  »o 

oo»»o 

i-i»00 

u 

r*i^«ocoQ 

i-»c<cieoco 

co^^»o«o 

lOcocot^t* 

t^xoo 

^4  *-4  ^1 

S 

QQ^cooao 
aO(N«©co 

•OC0»H00« 
t>.f-(iO00C4 

co^xoco 
<ooeoh-<-" 

p^CO^CO 
tOMOt* 

1-I®M 

lOMO 

M 

oo©»^-* 

^NN?9C0 

CO^'^'^iO 

tCcOcOcOt^ 

t^OO  9  O 

©--«o 

^4  »-«  »M 

0) 

Oeoi^O"* 

»0©««-<0 
i4©C4<OCi 

wt^cooo-* 

CO«OOCOtN. 

a©pHC^ 
©oo^oc^ 

co^« 
o©^ 

O  ©  ©'  »H  1-1 

i-tC^?«MCO 

eoco^-^f* 

ic>o<oco«o 

t«t«aoo) 

©©•^ 

1.4 1-t 

oeoceoco 

toocooo 

CO  too  CO  V 

1-1  '«fl  t»  _!  ^ 

©cocooco 

V  CO  O  CO 

kO<-4iO 

cooco 

©©©,-1^ 

—"MC^NCO 

C0C0«4«<^'t< 

»0>CiO<00 

(OC^OOOO 

©oco 

1      »>• 

CJCOOOi 
CD-^MCOiO 
OC0«0  0)M 

OOOCiQPI 
»C00i-iiOCO 

co'f  »ot>.oo 
^^t*o« 

OS-^NCOO 
CDO  CO  CO  O) 

«ooo^<* 

©©e<« 
t^co«o 

©©©©^ 

-HriNC^W 

cococo^^ 

^>c>o>oio 

cocot«x 

00©C4 

e 

OM»OaO«-i 

otoioo^eo 

^(^©CO© 

Cl^OOA 
OC^iOOOO 

OOt^toCOO 

C0CO0»M>O- 

ab^o>o 

ao©oo 

C  AU 

©©oo^ 

1-i^NNW 

WCOCOCO-'f 

^^^lOiO 

«o<ot*t* 

«00^ 

•mdj 

iO©iO©iC 

cscoeo^^ 

©lOOtOO 
iCiO«0<0t^ 

iO©iO©iO 
t«00QQ9O> 

828§ 

ooo 
fHiMiel 

WATERWORKS  HANDBOOK 


Preiture  ,  in  Lb.  per  &q.[n. 
^I^;.  3t>9.— Curve  showing  pressure  of  chlorine  gaa  a 


714 


WATERWORKS  HANDBOOK 
Table  270.    Weights  of  Chlorine 


Datum 

Gaseous  chlorine  *                  Liquid  chlorine 

Specific  itravitv 

2.491  (Air  =  1) 
3 .  167  grm. 
0.198  lb. 
0.026  lb. 

1.44  (Water  -  1) 
1440  grm. 
89.752  lbs. 
11.999  lbs. 

Weieht  of  1  liter 

Weiirht  of  1  cu.  ft 

Weieht  of  1  eal 

One  volume  of  liquid  chlorine  is  equivalent  to  444.4  volumes  of  chlorine  gas. 
*  Atmospheric  pressure,  sea  level  32** F. 


Table  271. 

Solubility  of  Chlorine 

Temperature 

Solubility  ratio  by '             Pounds  of  chlorine  soluble  in 

C." 

F.'* 

volume 

1.000.000  gals,  of  water 

0 
10 
30 

32 
50 

88 

1.5 
3.0 
1.8 

39,000 
78,000 
48,600 

Bleaching  powder  and  sodium  hypochlorite  have  similar  properties.  Former 
is  cheapest  disinfectant  known;  the  latter  is  not  in  general  use.  They  have 
the  same  effect.  Ordinarily  less  than  1.5  p.p.m.  of  bleaching  powder  is  all 
that  is  required  to  sterilize  water,  although  as  high  as  4  p.p.m.  may  be  used 
with  certain  waters  without  producing  an  objectionable  taste,  which  is  the 
danger  with  the  chlorine  treatment.  Ten  pounds  of  bleaching  powder  per 
m.g.  is  a  common  dose  for  unfiltered  water,  while  filtered  waters  may  require 
only  half  as  much.  Objectionable  taste  due  to  the  compounds  which  chlorine 
forms  with  organic  matter  may  be  avoided:  (1)  by  the  proper  proportioning  of 
the  dose;  (2)  by  storage  and  aeration  after  treatment,  which  gives  an  oppor- 
tunity for  the  decomposition  of  the  objectionable  chlorine  compounds;  (3) 
by  filtration;  (4)  by  the  addition  of  sodium  thiosulfate. 

^'Ferrochlorj"  invented  by  Duyk,  is  a  combination  of  ferric  chloride  and 
bleaching  powder.  It  is  a  combined  coagulant  and  disinfectant.  Mont- 
souris  Laboratory  (Paris)  showed  that  the  addition  of  20  p.p.m.  of  Fed:  and 
3  p.p.m.  of  calcium  hypochlorite  practically  sterilized  Seine  river  water  con- 
taining 1869  bacteria  per  cc.  before  treatment  and  filtration.  While  efficient, 
the  chemical  is  costly.  It  possesses  no  advantages  over  sulfate  of  alumina  and 
bleaching  powder. 

Light.  Sunlight  exerts  a  powerful  germicidal  action  on  bacteria  in  the  sur- 
face waters  of  reservoirs.  This  action,  even  in  clear  waters,  is  of  no  importance 
at  depths  of  more  than  a  very  few  feet,  unless  the  water  be  in  active  circulation 
and  the  action  of  light  be  exerted  on  successive  surface  layers.  Light  has  p^a^ 
tically  no  effect  in  turbid  or  highly  colored  waters. 

Ozone  is  applied  in  the  form  of  ozonized  air,  made  by  the  silent  discharge  of 
electricity  in  a  space  through  which  a  current  of  air  passes.  The  process  is 
ideal  because  sterilization  is  effected  without  the  addition  of  any  foreign  mat- 
ter. The  largest  installations  are  in  Petrograd  and  at  St.  Maur  waterworks, 
Paris.  Devices  for  producing  ozone  are  expensive  and  the  cost  of  treatment 
is  high.  The  process  is  inefficient  when  the  water  is  turbid  or  colored  and 
the  treatment  of  a  well  purified  filter  effluent  is  seldom  necessar>'.  As  a  dis- 
infectant ozone  is  far  inferior  in  efficiency  and  economy  to  chlorine. 


CHAPTER  XXXV 
WATER  SOFTENraG 

Waters  which  have  a  high  soap-consuming  power  or  produce  scale  or 
deposits  when  used  in  steam  boilers  require  softening. 

Hard  waterSf  so  named  because  of  their  action  on  the  skin,  are  those  which 
precipitate  soap.  They  form  scale  or  deposits  when  used  in  steam  boflers. 
On  account  of  the  formation  of  insoluble  compounds  with  dyes  and  soaps,  they 
are  unsuitable  for  washing,  bleaching,  certain  kinds  of  dyeing,  soap  making, 
steam  making,  tanning,  wool-scouring  and  certain  kinds  of  paper-making. 
Hard  water  containing  calcium  sulfate  (selenitic  water)  is  considered  best  for 
brewing  light-colored  malt  beverages. 

Hardness  is  due  to  the  presence  of  the  bicarbonates,  carbonates,  sulfates, 
chlorides  and  nitrates  of  calcium  and  magnesium,  also  to  acid  constituents. 
When  a  hard  water  is  boiled,  it  loses  its  bicarbonate,  or  temporary ^  hardness, 
leaving  the  "  mineral  acid,"  or  permanent^  hardness  as  well  as  some  hardness 
due  to  carbonates  which  cannot  be  so  removed.  Total  hardness  is  the  sum  of 
temporary  and  permanent  hardness*.  Waters  containing  free  CX)j  have  an 
apparent  temporary  hardness.  Hardness  of  water  polluted  with  mine  waters 
is  due  partly  to  free  mineral  acids. 

Kinds  of  Hardness 


Alkaline  Constituents  Incnistants  Acid  Constituents 

(Permanent  hardness) 


Ca,  Mg  and  Fe  Ca  and  Mg      Ca  and  Mg  Sulfuric  acid 

Bicarbonates        Carbonates  and  I  Al  and  Fe  Sulfates 

Hydrates  1 CO, 


Sulfates  Chlorides 

Nitrates 
Silicates 

Hardness  may  be  expressed  in  various  ways,  preferably  as  parts  of  CaCOi 
per  million.  Clark,  the  discoverer  of  the  softening  process  in  1841  (Repertory 
of  Patent  Inventions,  1841)  established  degrees  of  hardness  as  grains  of  CaCOi 
per  Imp.  gal.  German  degrees  designate  parts  of  CaO  in  1(X),000  and  French 
degrees  parts  of  CaCOa  in  100,000  of  water.  The  A.  P.  H.  A.  Committee  ^e^ 
ommend  parts  of  CaCOa  per  million,  Table  272.  What  would  be  called  hard 
water  in  New  England  (e.g.y  Reading:  120  p.p.m.),  would  be  called  soft  in 
the  limestone  regions  of  the  West.  General  objections  to  hard  waters  are 
difficulty  and  disadvantage  of  their  use  with  soap;  difficulty,  cost  and  danger 
attendant  upon  their  use  for  steam  making, 
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Classification. — Although  it  is  difficult  to  draw  the  line  between  good  and 
bad  waters,  the  Committee  of  the  American  Railway  Engineering  &  Main- 
tenance-of-Way  Ass'n  has  given  an  approximate  classification  of  waters  for 
boiler  use  (Proc.  Am.  Ry.  Eng.  &  M.  of  W.  Ass'n,  9, 134  (1908) : 

Table  274.     Classification  of  Boiler  Waters  According  to  Incrustiiig  and  Cor- 


roding Constituents 


P.p.m. 

Oto    70 

70  to  150 

150  to  250 

250  to  400 

400  and  above 


Classification 

Very  good 
Good 
Fair 
Bad 
Very  bad 


Benefils  of  softening  boiler  waters  are  the  savings  in  labor  for  cleaning 
boilers,  in  repairs,  in  fuel,  in  depreciation  and  the  more  continuous  service  of 
the  plant  and  the  avoidance  of  accidents.  All  waters  containing  more  than 
250  p.p.m.  of  incrusting  solids  should  be  treated  before  use  in  steam  boilers, 
and  waters  containing  more  than  150  parts  of  incrusting  solids  should  be 
treated  if  50  parts  of  the  same  consist  of  sulfates.  The  ordinary  lime-soda 
process  can  reduce  the  incrusting  solids  to  from  35  to  70  p.p.m. 

Table  276.    Percentage  Losses  of  Heat  Units  Due  to  Scale  of  Various  Thicknesses 

(Booth) 


Thickness,  inch. 

-1- 

64 

nV 

iV 

i 

-8- 

16 

i 

i          i          1 

} 

Loss,  per  cent. . . 

2 

4 

9 

18 

27 

38 

48        60     1  74       90 

1 . — 1 

Foaming  in  locomotive  boilers  usually  begins  when  the  foaming  constituents 
amount  to  1700  p.p.m.,  while  in  stationary  boilers,  the  limit  may  be  a.s  high  as 
7000  p.p.m.  Waters  containing  more  thdn  1500  p.p.m.  of  foaming  constitu- 
ents should  be  abandoned,  if  possible.  Foaming  is  the  result  of  suspended 
impurities  which  rise  to  the  surface  in  a  more  or  less  dirty  condition,  forming 
scum.  Pure  water  cannot  produce  foaming.  Steam  from  a  boiler  which 
foams  is  dryer  than  that  from  a  boiler  which  primes. 

Priming  occurs  when  drops  of  water  entrain  with  the  steam,  usually  sud- 
denly and  violently. 

Softening  Processes.  Water  to  be  softened  maj'  be  treated  with  chem- 
icals when  either  hot  or  cold.  The  hot  process  is  more  rapid  than  the  cold,  and 
is  especially  adapted  to  power  plants.  For  municipalities,  the  cold  process  is 
used  exclusively.  Substances  producing  temporary  hardness  are  held  in  solu- 
tion by  carbonic  arid.  Addition  of  lime  removes  the  carbonic  acid  and 
precipitates  the  carbonates  held  in  solution  thereby.  Sulfates,  chlorides  and 
nitrates  which  produce  permanent  hardness  must  be  treated  with  sodium 
carbonate,  sodium  hydrate  or  barium  carbonate  to  soften  the  water. 

The  dose  of  chemicals  required  to  so//fn  water  may  be  determined  in  several 
ways.  American  Railway  Engineering  and  Maintenance  of  Way  Ass'n 
computes  quantity  of  chemicals  required  to  soften  water  as  follows:  (E.  R.,  W, 
50,  1907). 
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contained  in  the  50  c.c.  lime  water,  the  milligrams  of  lime  per  liter  required  to 
soften  the  water  tested  may  be  computed  by  the  following  formula: 


(4a  -  56)3.51  CaO. 


N 


Then  add  to  the  neutralized  solution  in  the  porcelain  dish  20  c.c.  r^- 

Na2C08  and  heat  to  the  beginning  of  boiling.    The  contents  of  the  dish  are 
washed  with  water  free  from  CO 2  into  a  250  c.c.  flask,  cooled,  made  up  to  the 

mark,  mixed  and  filtered.     200  c.c.  of  the  filtrate  are  measured  off  and  the 

N 
excess  of  alkali  titrated  with  rrv-HCl.    The  number  of  c.c.  used  is  designated 

by  c.     Then  the  number  of  milligrams  of  sod^per  liter  required  to  soften  the 
water  treated  may  be  computed  by  the  following  formula: 


(206-|c)33.13Na,CO,. 


The  results  by  these  formulse  are  for  pure  chemicals.  For  90  per  cent,  lime  and 
95  per  cent,  soda  corrections  should  be  made.  In  order  to  get  good  results  by 
this  method  the  most  careful  work  and  the  exact  preparation  of  normal  solu- 
tions, etc.,  are  necessary.'  When  the  hardness  is  over  350  p.p.m.,  100  c.c.  of 
water  should  be  used  for  the  determination.    For  alkaline  waters  h  in  the  for- 

mulse  is  to  be  diminished  by  the  number  d,  which  equals  ^  (carbonate  hardness 

— ^total  hardness).  The  correctness  of  the  above  amounts  for  the  desired  effect 
can  be  proved  only  by  a  practical  experiment.  For  this  purj)ose  Drawe  takes 
1  liter  of  water,  adds  the  calculated  amounts  of  dry  lime  and  soda  and  heats  the 
whole  to  70°  C.  Water  treated  in  this  way  as  a  rule  has  a  slight  soda  alkalinity 
and  a  hardness  of  less  than  18  p.p.m. 

Barium  carbonate  may  be  used  to  treat  water  high  in  sulfates.  By  suitable 
apparatus,  the  barium  carbonate  Ls  kept  suspended  in  the  water  and  becomes 
dissolved  only  in  prop>ortion  to  the  sulfates  contained  in  the  water. 

Permutit  Process.  "Permutit"  ("permutare,"  to  exchange)  is  the  trade 
name  of  an  artificial  zeolite  introduced  by  L.  Gans,  of  Berlin,  in  1906.  Sodium 
permutit  is  made  commercially  by  fusing  quartz  or  feldspar,  kaolin  and  sodium 
carbonate  in  an  electric  furnace  and  afterward  treating  the  product  with  water. 
It  is  marketed  in  granular  form  having  particles  from  0.5  to  2.5  mm.  in  diame- 
ter. The  reaction  between  hard  water  and  permutit  may  be  illustrated  by 
the  following: 


CaCOa 

MRCO3 

CaS04 

CaCl 

Etc. 


-f-NaAKSiOs). 
(Permutit) 


rca    1 

L(Mg)J 


AKSiO,),  + 


Na,COi 
NajSOi 
NaCl 
Etc. 


Hardness  may  be  decreased  to  zero,  but  soluble  sodium  salts  will  be  in- 
creased proportionally.  After  a  period  of  use,  permutit  becomes  saturated  and 
must  be  regenerated  by  treating  with  a  10  per  cent,  solution  of  sodium  chlo- 
ride, when  the  original  action  is  reversed,  Na  replacing  the  Ca  and  the  Mfr 
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Table  279. 


Average  Results  of  Operation  of  Water  Purification  and  Softening 

Works,  ColumbuSi  O. 

Hoover  (Report  of  1914) 


Average  volume  of  water  treated  daily, 
Chemicals  applied,  parts  per  million. 
■  ed 


Lime  add< 

Soda  ash  added. . 

Coagulant  added . 


18.500.000  gals. 

164.0 

125.0 

32.5 


Color 

Turbidity 

Carbon  dioxide,  free 

Carbon  dioxide,  half-bound 

Total  hardness 

Total,  alkalinity 

Phenolphthalein  alkalinity 

Cauntic  alkalinity 

Monocarbonate  alkalinity 

Incnistants  (permanent  hardness) . 

Magnesium 

Bacteria  per  c.c 

Chlorine  added  as  chloride  of  lime. 


Ail  but  bacteria  expressed  in  parts  per  millions. 


River 
water 


Settled 
water 


18 

54 

0 

73 

297 

166 


131 

27 

6331 

0.14 


95 
59 


4 
36' 
63* 


Filtered 
water 


3 
0 


79 
47 
25 
4 
43 
32 
10 
14 


Table  280.    Typical  Example  of  Water  Softening  in  Railroad  Practice 


Solid  constituents 
(grains  per  gal.) 

U.  P.  R.  R.. 
North  Platte, 
Nebraska 

C.  &  N.  W.  Ry., 

Council  BlulTa, 

Iowa 

Before 

After 

Before 

After 

Total  solids 

28.49 
7.94 
1.35 
4.53 
2.43 
2.86 
0.26 

25.22 

1.98 
1.08 

53.67 
24.39 
1.18 
6.22 
13.33 
1.42 
0.34 

31.35 
2.26 
0.88 

Carbonate  of  Ume 

Carbonate  of  maenesia 

Sulfate  of  lime 

Sulfate  of  masnesia 

Silica 

2.01 
0.26 

0.38 
0.02 

Oxides  of  iron  and  aluminum 

Incrustinir  solids 

19.37 

3.30 
5.82 

5.33 

3.24 

16.32 

0  33 

46.88 

1.21 
6.58 

3.54 

1.27 
26.54 

Alkali  chlorides 

Alkali  sulfates 

Alkali  carbonates 

Non-incrustine  solids 

9.12 

19.89 

6.79 

27.81 

Lbs.  of  scale-forming  matter  in  1000  gals. 

2.76 

0.76 

6.69 

0.51 

(American  Railway  Engineering  and  Maintenance  of  Way  Association,  Vol.  5,  1904,  p.  690.) 
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F:o.  375.-l8ometri<-  view  of  typical  unit  and  some  details  of  conU.t  baffles, 

Pittsburgh.  Ph. 

(E,  N..  Oct.  3,  lOia.) 
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oxygen.  Certain  kinds  of  organic  matter  mutually  precipitate  one  another. 
Other  kinds,  ^however,  interfere  seriously  with  the  deferrization  process. 

Removal  of  COj.  Where  complete  removal  of  COt  is  requisite  for  coagu- 
lation of  iron,  it  can  be  accomplished  by  discharging  the  water  over  a  bed  of 
coke  from  2  ft.  to  10  ft.  thick  and  at  a  rate  of  about  75  mgad.  Waters  like 
those  at  Lowell  aild  Reading  can  be  coagulated  and  the  interference  of  organic 
matter  avoided  by  operating  the  coke  bed  submerged  instead  of  trickling  the 
water  over  it.     This  increases  the  time  of  contact. 

At  Brookliney  Mass.f  experiments  efficiency  of  preliminary  treatment  was 
found  to  be  dependent  largely  upon  the  amount  of  dissolved  oxygen  added 
and  of  carbon  dioxide  removed.  Table  284  shows  the  exchange  of  gases 
brought  about  by  different  methods  of  preliminary  treatment,  also  the  benefi- 
cial effect  of  age  due  to  accumulations  of  iron  hydrate  on  the  surface  of  the 
filtering  material. 

Table  284.    Dissolved  Oxygen*  and  Carbon  Dioxide*  in  Brookline,  Mass. 


Date 
1913 

Effluent  from  devices  for  preliminary  treatment 

Well  water 

Spray  aerator 

and  9.3-hour 

coagulating 

basin 

Spray  aerator, 
2-ft.  coke  trick- 
ier and  1-hour 
ba«in 

Spray  aerator, 
S-ft.  coke  trick- 
ier and  1-hoar 
basin 

Spray  aerator. 
10-ft.  coke  trick- 
ier and  1-faour 
basin 

O          COj 

0          COi 

O          COs 

O           COj 

O          COi 

Aug.  7 

Aug.  21... 
Sept.  4... 
Sept.  18. . . . 
Oct.  2 

1.52 
1.22 
1.25 
1.61 
2.02 

48.0 
41.4 
22.6 
23.4 

24.8 

7.52 

7.87 
6.87 
7.83 
8.04 

21.0 
14.2 

8.3 
11.7 

9.0 

7.62 
9.21 
8.19 
8.67 
8.55 

16.0 

13.4 

6.5 

7.8 
5.9| 

9.83      12.0 
9.98      10.2 
10.57       7.6 
9.06        7.5 
9.15        5.5 

10.00.      8.2 

9.36     9.6 
9  20,     5.8 
9.22      5.6 
9.30      4.2 

•  Parts  per  million. 

Effect  of  Storage.  Coagulation  could  be  accomplished,  but  often  at  a  pro- 
hibitive cost,  by  storing  the  water  for  24  hrs.  or  more.  The  plant  at  Middle- 
boro,  Mass.  (Jour.  N.  E.  W.  W.  Ass'n,  1914,  28,  27)— for  outline  see  Table  297, 
p.  764 — is  typical.  During  1914,  the  average  results  of  deferrization  were 
those  given  in  analysis,  Table  285.     The  plant  operated  a  part  of  each  day 


Table  286.     Results  of  Deferrization  at  Middleboro,  Mass. 

Parts  per  1,000,000 


Determination 


Well 
water 


Subsiding 
basin  effluent 


Filter 
effluent 


Turbidity I  10.1 

Color I  30.1 

Oxygen  consumed 1 .  98 

Iron 2.38 

Manganese ,      0.71 

Carbon  dioxide ,  45 . 9 

Dissolved  oxygen 1 .  20 


7.0 
17.6 
1.60 
0.67 
0.31 
5.6 
10  14 


16 
4  6 
1.26 
0.20 
0  12 
6  4 
9  85 


and  delivered  320,000  g.p.d.  (nearly  a  third  of  its  possible  capacity.)  Total  cost 
of  operation  per  mg.  delivered  to  the  mains  was  S3.31.  Total  fixed  charges 
were  $6.02  per  mg.     Total  cost  of  deferrization  was  $9.33  per  mg. 
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FILTRATION 


Fig.  378. — Largest  bac- 
teria (Megatherium)  and 
smallest  sand  particles  drawn 
to  same  scale.     ( X  50) 


A  filter  consists  of  a  layer  of  filtering  material,  generally  sand,  through 
which  water  is  passed  for  the  purpose  of  removing  bacteria  and  other  suspended 
matter.  Said  layer  is  supported  by  an  underdrain  system  within  a  vessel 
or  basin  provided  with  various  accessories.     Filters  act  primarily  as  strainers, 

but  the  finest  particles  of  silt  and  the  largest 
bacteria  are  greatly  inferior  in  size  to  the  small- 
est sand  grains.     See  Fig.  378.     Removal  of  fine 
suspended  matter,  including  bacteria,  is  accom- 
plished in  part  by  the  absorptive  power  of  the 
surface  film  which  surrounds  each  sand  grain, 
particularly  the  sand  grains  in  the  upper  layers 
of  the  bed.     Another  force  which  assists  in  the 
removal  of  suspended  matter  is  the  film  which 
condenses  on  each  particle  of  suspended  matter. 
These  films  tend  to  coalesce  with  those  stu^ 
rounding  the  sand  grains.      See  Fig.  379.    It 
was  formerly  thought  that  the  surface  film  layer, 
or  **schmutzdeckej*'  accomplished  the  removal  of 
all  the  suspended  matter,  but  experience  has 
shown  that  thicker  beds  are  steadier  in  operation;  it  is  now  believed  that 
each  particle  of  sand  plays  a  more  or  less  important  r61e  in  the  removal  of 
suspended  matter,  although  the  greater  part  of  the  suspended  matter  is  always 
removed  in  the  surface  layer  of  sand. 

The  two  principal  classes  of  filters  are  the  slow 
("slow  sand  "  or  "  English ''  or  "sand  ")  and  the  rapid 
(or  "rapid  sand"  or  "mechanical")  filters. 

Slow  sand  filters  differ  from  rapid  filters  in  that  the 
rate  of  filtration  is  much  lower  and  the  filter  is  cleaned 
by  scraping  off  the  superficial  layer,  which  is  washed 
and  replaced,  either  immediately  or  at  some  convenient 
time.  Filters  washed  by  the  Blaisdell  machine  differ 
from  ordinary  slow  filters  chiefly  in  the  method  of 
cleaning.     For  rapid  filters,  see  p.  748. 

Choice  of  System.     For  a  water  having  a  turbidity 
less  than  30  p. p.m.  or  a  color  less  than  20  p.p.m.,  slow  filters  without  coagu- 
lation give  excellent  results.     For  waters  having  a  turbidity  of  more  than 
50  p.p.m.  or  a  color  of  more  than  30  p.p.m.,  mechanical  filters  give  unques- 
tionably better  results.     They  not  only  produce  an  equally  safe  water  but 
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Fig.  379.— Coales 
cence  of  films  on 
large  and  small  par- 
ticles.    (Pennink). 


H.  Gregory  (E.N.,  44, 
wfaiofa  are  computed  fr 


Ct- 
C  - 

Fig.  380  apidies  to  a  §i 
Number  and  tiu  trf 
ment  more  than  comp 
(E.R.,4T,666,  1903). 
Ana  of  iTidwidual  j 
and  ehould  be  small  ei 
large  plant  can  be  out 


or  that  of  the  clean  Band.  In  other  words,  the  work  should  be  equally  Si- 
tributed  over  the  whole  of  the  sand  area.  In  large  filtera,  compensating  <si- 
fices  (Fig.  382)  may  be  used  in  the  lateral  underdraine  in  order  to  effect  a  better 
distribution  of  heads  and  pressures.  Capacities  of  tile  underdrains  are  pva» 
in  Table  288;  details  are  illustrated  in  Fig.  382. 


Table  386.    Underdrains  lor  Sand  Filters  (no  compensating  oriflcea  naed) 


Rate  of  filtration,  million  gallons  per  acre  daily . . 

6 
0.160 

0.O37 

5100 

0.90 

0.S5 

6 
0.180 

0.045 

4700 

1.00 

0.61 

8 
0.240 

0.060 

4200 

1.18 

0.72 

10 
0,300 

0.075 

3800 

1.34 

0.82 

IS 
0.4U 

o.m 

3M( 
1.88 
1  M 

Total  allowable  friction  and  velocity  head  in  un- 

Approximate  ratio  of  filter  area  to  area  of  main 

(varying  somewhat  with  siie),  ft.  per  sec 

Approximate    maximum    velocity    in    laterals 

■R|P«J  i^Ktr  Hn^h  H.,n  Onira  1bP'«l)«fn>  »lf»i»W«n 

Fio.  382. — Fitter  drains.     (Springfield  Mnas.) 
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sand  is  discharged  by  the  ejector  at  the  bottom  of  the  final  hopper,  to  a  storage 
pile  in  a  sand  court,  to  elevated  storage  bins,  through  a  special  device  for 
separating  sand  from  water  which  can  be  placed  over  a  filter  manhole  and  dis- 
charge the  sand  directly  into  the  filter,  or  directly  into  another  filter  which  is 
out  of  service.  In  the  latter  case,  the  sand  may  be  discharged  through  mul- 
tiple nozzles  at  the  end  of  the  sand  hose  supported  by  a  boat  or  by  a  carriage 
supported  on  tracks  within  the  filter.  Meanwhile,  water  is  passed  slowly 
through  the  filter  from  below,  escaping  over  the  wall  of  the  inlet  chamber. 
The  water  surface  serves  as  a  guide  for  leveling  the  sand. 

'^The  resistance  to  be  overcome  in  the  sand  discharge  piping  is  made  up  of 
actual  lift  and  friction.  For  the  lift,  multiply  the  actual  lift  in  feet  by  the 
specific  gravity  of  the  mixture.  For  friction  of  sand  and  water  in  3-  and  4-in. 
pipes,  compute  the  friction  for  water  alone,  and  add  3.5  ft.  per  thousand  for 
each  per  cent,  of  sand  in  the  mixture.  For  6-in.  or  larger  pipe  add  2.5  ft.  and 
for  2.5-in.  hose,  add  4.5  ft.  per  thousand.  These  figures  will  be  close  enough 
for  velocities  5  ft.  per  sec.  or  over.  Sand  and  water  mixtures  will  flow  well  at  all 
velocities  above  5  ft.  per  sec.  and  fairly  well  from  4  to  5  ft.  per  sec.  Between 
3  and  4  ft.  per  sec.  there  will  be  more  friction  than  calculat^^d  and  some 
stoppages;  and  below  3  ft.  per  sec.  filter  sand  and  water  mixtures  will  not  flow. 

Velocity  in  1 137.5  cu.  yds,  per  hr. 

ft.  per  sec.    J  ""  Per  cent,  of  sand  in  discharge  X  (diameter  of  pipe  in  inches)* 

^^  ,  .          ,          ,             Percent. sand  X  velocity  X  diameter*,^ 
Cubic  yards  per  hour  = f*^?  5 

Hydraulics  of  Sand  Handling.  Theoretically  the  best  form  for  the  throat 
of  an  ejector  is  that  which  approximates  the  Venturi  tube.  Given  this  shape 
and  the  best  size  for  any  given  addition,  the  approximate  relations  are  those 
given  in  Table  2S8. 

Ejector  throata  wear  rapidly  and  the  efficiencies  with  somewhat  worn 
throats  would  be  those  computed  by  the  formula  below  (Table  289).  Some- 
Table  289.     Sand  Handling  Dataf 


Per  cent,  of  sand  in  water  thrown  by  vol. 

Specific  gravity  of  mixture 

Per  cent,  slush  by  volume 

Per  cent,  nozzle  water  by  volume 

Weight  of  slush  t  per  part  water  from  nozzle 
Q  =  ratio    total    weight    of    discliarge    to 

weight  of  jet  water 

P  =  proportion  of  jet  pressure  developed 

in  discharge 

T  =  ratio  of  diameter  of  throat  to  diameter 

of^et. 

V  =  ratio  of  velocity  in  throat  to  velocity 

in  jet 


5.0 
1 .  05 
8.3 
91.7 
0.15 

1.15 

0.50 

1.18 

0.79 


10.0 
1.10 
16.7 
83.3 
0.32 

1.32 

0.37 

1.33 

0.68 


15.0 
1.15 
25.0 
75.0 
0.53 

1.53 

0.28 

1.51 

0.59 


20.0 

1.20 
33.3 
66.7 
0.80 

1.80 

0.20 


25  0 
1.25 
41.7 
58  3 
1  14 

2.14 

0.14 


1.73    2.02 

j 

0.5o!  0.42 


30.0 
1  30 
50,0 
50.0 
1.59 

2.59 

0.10 

2.43 

0.35 


The  formula  (I* -\-  ny  *  =  1.05  applies  to  well-shaped  Venturi  throat  ejectors  thro^inR  «»^- 
The  boat  results  am  obtained  when  QV  •=»  0.9  with  5  or  10  per  cent,  variation  either  waVi  **^ 
within  this  approximate  rauRe  PQ-  =  0.65.  This  is  the  most  convenient  equation  for  comp*''"'' 
efficiencies. 

•  H.iEcn,  Am.  C.  E.  Pocket  Book  (Mansfield  Merriman,  editor),  John  Wiley  and  Sons.  Inc..  1916, 
pp.  9.31-910. 

t  Slush  =■  suspension  of  sand  in  water. 
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water  currents  and  the  rate  of  filtration  b  as  great  as  50  times  that  employed 
in  slow  filters.  It  is  essential  that  the  concrete  work  in  rapid  filters  be  abso- 
lutely tight  to  prevent  the  mixture  of  unfiltered  and  filtered  water,  and  the 
entrance  of  air  into  the  underdrains.  The  sand  usually  has  an  effective  size 
of  0.30  to  0.50  mm.;  the  uniformity  coefficient  should  not  exceed  1.6.     Me- 


chanical filter  sand  should  not  contain  more  than  2  per  cent,  of  particles 
passing  a  No.  80  sieve  (separation  size  0.25  mm.).  Fine  particles  in  filter 
sand  may  l>e  removed  by  washing  in  the  filter  and  scraping  off  the  surface. 
ArrangeTneHl  of  Mechnnical  Filters.  Ordinarily  mechanical  filters  are 
arranged  in  double  rows  with  the  pipes  in  a  gallery  between.     Typical  filter 


pipe  galleries  are  shown  in  Figs.  202  and  .mi.     In  small  plants  it  may  be 
convenient  to  place  two  or  three  filters  on  one  side  of  the  gnllerj'. 

Areas  of  mechanical  filters  per  mftd,  nominni  capacity  arc  varip<i,  but  the 
,  beet  practice  is  to  allow  for  a  rate  of  2  gals,  per  sii.  ft,  |>or  minute  plus  5  per 
oent.  or  more  for  wash-water,  say  an  area  of  305  sq.  ft.  per  mgd. 
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Where  the  proportional  area  of  the  orificea  compared  with  the  undertlruns 
is  unduly  large,  there  is  a  tendency  for  the  sand  to  be  washed  out  at  one  plfu», 
thus  creating  a  path  of  leaat  resistance,  while  in  other  portions  of  the  bed  (he 
clogging  is  excessive.  Continuance  of  this  unequal  distribution  of  wasb-wal«r 
produces  viud  bath,  and  also  greatly  reduces  the  efficiency  of  the  plant.  Con- 
stants for  several  filter  strainers  are  given  in  Table  293.  In  addition  to  the 
orifices  or  strainers  for  admitting  water,  there  must  be  fine  strainers  or  a  laj-er 
of  gravel  to  retain  the  sand.  Fine  strainers  are  apt.  to  clog  and  have  been  quite 
generally  abandoned.  Usually  the  strainers  have  coarse  apertures  and  »n 
covered  with  from  3  to  20  in.  of  graded  gravel.    In  the  Harrisburs  filten 


Loas    of   Head,  Inches 

F[G.  304- 

(Appli'-s  to  filter  t-ands  ot  usu^I  Hii»..) 

(Fuertes)  the  iinderdrain  system  consists  of  a  series  of  pipes  with  ir-in.  orificw 
3  in.  apart  driiled  on  their  undersides.  A  7-in.  layer  of  gravel  surrounds  thesf 
l>ipes.  This  method  excellent  in  other  respects  has  the  disadvantage  of  n- 
posing  the  metal  pipoa  to  the  corrosive  action  of  the  water  The  Wheeler  l^lf 
hnltom  is  constructed  entirely  of  concrete  «ith  the  exception  of  the  orific* 
tubo,  which  is  of  brnsa  In  place  of  strainers  a  scries  of  five  3-in.  balls  fur- 
mounted  by  one  Ij  in  and  eight  IJ  in  balh  in  turn  surmounted  byolayfr 
nf  graded  gnivcl  from  3  to  (i  in  thick  la  used  to  retain  the  sand.  Fig.  395 
illustrates  viirioiis  t\pcs  of  hllcr  bottoms  The  A\  heeler  filter  bottom  in  the 
Akron,  Ohio,  filters  (Barlxiur)  is  illustrated  m  Fig   396   p,  755. 

O/ieratiiig  Tables  In  lai^c  plants  especialK  it  is  convenient  and  econpm- 
ical  to  operatp  all  vahes  electncalh  or  hydrauhcally  Controllers  for  thp« 
valves  arc  placed  on  an  operating  table  which  also  may  carry  loss-of-head  anu 
rate-of-flow  gages,  devices  for  sampling,  and  other  devices. 
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nnittent  sand  filter  and  reservoir  made  out  of  a  50-gal.  barrel  supported  on 
suitable  frame-work.  Water  is  applied  to  the  filter  barrel  at  the  rate  of 
tree  bucket-  or  garden  potfuls  at  a  time.  The  sand  should  be  allowed  to 
lin  after  each  filling.  The  apparatus  has  a  capacity  of  150  gala,  daily. 
he  Newcomb  filter,  Fig.  402,  has  been  used  successfully  in  the  vicinity  of 
)ringfield,  Mass.,  for  the  purification  of  water  containing  algte. 


Fig.  400.  (Small  Filters.)  Fin.  401. 

Fio.  400.^ — Front  elevation  and  plan  of  single-cvlindor  watrr  filter  Hhowing, 
Hhaded  lines,  suggested  b.\'-pass  arrangement  unJ  oonniK-tiuiui   tu  !«  made  to 

>ply  house  and'wsler  niuins.     (Luomis-Manning.) 
rio.  401 . — Intermittent  barrel  filter  for  drinkini;  water,    tor  contractors'  oampa, 

intry  use,  etc. 

Rate  Controllers.  Efficiency  of  filtration  is  dependent  upon  uniform  rate 
filtration  as  well  as  proper  regulation  of  flow  of  chemicals  and  thorough  mix- 
ig  with  the  treated  water.  Mechanical  filters  may  be  controlled  by  hand  and 
cnturi  meters  like  slow  filt«rs,  but  it  is  better  to  u.se  automatic  controllers  or 
udiilee.  Of  these  there  arc  Keveral  types.  Fig.  403  illustrates  a  rate  controller 
f  tite  velocity  type,  combined  with  loss  of  head  and  rate  of  flow  gages.  Other 
ntrollers  employ  the  principle  of  ball  cock  and  orifice  or  of  compensating 
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diaphragm.  Fig.  404  shows  one  of  the  former,  Fig.  405  one  of  ths  UtUr  type; 
Fig.  406  and  Table  294  give  the  dimensions  and  eapaoitie*  of  Yentm  amInBm 
fiiiea.  The  controller  may  consist  of  on  ordinaiy  hydraulic  gate,  or  nbi, 
actuated  by  the  recording  mechanism  of  the  Venturj  meter,  or  by  a  ran- 
pensating  diaphr^m.  At  New  Orleans  the  filters  are  controlled  try  baluMd 
cylinders  or  weights  submoged  in,  and  acted  upon  by,  the  wato-  creatitig  tkt 


Fig.  402. — Newromb  fUter  for  purifying  water  (or  the  household. 

"A  nitor  ur  Ihia  lypr.  rombininc  untian  sud  dmloriution  with  rhiirraki,  wu  murh  uwJ  •< 
SpringBi^lcl,  Mnw..  ia  thr  ilayn  uf  the  uld  LuilLow  Bunply."    (Wbipple'g  "MicroKopy  of  Dnnkut 

WtttiT."  IBM.) 

head  on  the  effluent  discharging  orifice,  and  by  a  pressure  representing  the 
elevation  of  water  in  the  equalizing  filtcred-watcr  reservoir  beneath  the  filters, 
thereby  giving  an  automatically  varying  rate  depending  upon  the  elevation  in 
the  equalizing  reservoir,  that  is  to  say,  an  automatic  response  to  the  demancb 
of  the  pumpi.  The  controllers  cm  individual  filters  may  be  go\'erned  by  > 
MaaUr  Controller  for  the  whole  plant,  auuh  as  that  made  by  Buildoa  Ina 
Foundry,  Providence,  R.  I. 


FiQ.  404.— Hoat  controller.     (Wei 
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n  of  Sond  ?erCenf 


Oloihater  of  tbr+icleSjmin. 

F[<i.  400.— Opiiniiim  vrloHlies  of  wnsh  »a(pr  tor  san.is  of  vari.nis  siies, 

T.I.  i*r  .■..,11.  .-urvv  ii-  .l.-iiv,>,l  Iroiii  00  p.T  pcnl.  ciirvp,  aiwuniipK  uiiitoiiuily  rufffirirnt  ol 

iiornmlundtDbcl.SO. 


n'lwily  uf  Q 


Iw>  ufBiiml,  h"  ]>lii''i'.lm..>n>hiiii  l.-Mii.  nli.ivi'lhi-san^eurf»c.  Oiiiiiiarily  Ibi-W  prr  r 
Hit',  hut  lU  „.-r\:,>\.  .'HIV  iiiny  l.i'  iix-l  wlitn  unUormlly  rnrlGricnt  i«  1.5.  With  a  01 
of  wasli  wuliT.  KHiiiln  nidi  iiiuiiJpO  ■[iuiu  iiipuiid  leu  llian  othi:ia  (Fig.  4UBJ. 
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high  velocity,  the  surface  of  the  bed  after  washing  will  be  composed  of  very 
fine  particles  which  may  form  a  layer  so  dense  as  greatly  to  decrease  the  period 
between  washings.  This  condition  may  be  overcome  in  ordinary  cases,  by 
scraping  off  the  fine  layer  after  washing;  in  extreme  cases,  by  so  manipulating 
the  wash-water  valve  that  stratification  near  the  surface  will  not  be  marked. 
When  the  filter  clogs  frequently,  the  wash-water  may  be  applied  for  a  short 
period  just  to  lift  the  upper  portion  of  the  sand  bed  and  without  wasting  any 
of  the  wash- water.  Agitation  with  air  may  also  be  used  to  break  up  the  ac- 
cumulation of  fine  sand  at  the  surface  of  the  bed. 

Optimum  velocity  of  wash-water  (i.e.,  best  velocity  for  efficient  and  econom- 
ical washing)  for  average  sand  of  different  sizes  is  given  in  Fig.  409,  p.  762. 

In  studying  the  relation  between  washing  velocities  and  filter  sand,  the  60 
per  cent,  separation  size  is  of  more  value  than  the  "  effective  size"  (10  per  cent, 
separation  size).  Relation  between  sizes  of  sand  particles  and  per  cent,  of 
expansion  of  sand  layers  for  normal  sands,  at  optimum  velocity  of  wash-water 
is  shown  in  Fig.  410. 


Table  296. 

Data  Relating  to  Typical  Deferrizadon  Plants 

Name  of  plant 

Urbana,  HI.                 Middleboro,  Mass. 

Iowa  City.  Iowa 
1910 

Plant  put  in  operation 

1913                 '                 1913 

Designer 

A.  N.  Talbot          '          R.  S.  Weaton 

N.    Y.    Continental 
Jewell  Filtration  Co. 

^  ^  9        *■    ^    w          ^m    V^F^  w^  ^^  ^F                                                                            ^^                 ^  —  —            —   -      ^..— ^»  ^  ___  ^  ~ 

Pppulation  (1910) 

20.666     (including 
Champaign) 

8,214 

10.091 

Total  post 

$18,000 

S26.000 

Cost     per     million     gals. 

capacity. 

$18,000 

$13,000 

Source  of  supply 

Wells                    Well  (near  Nemasket 

river) 

Infiltration  galleries  in 
bed  of  Iowa  river 

Rated  capacity,  gals,   per 

day. 

2,000,000 

1,000,000 

2,000.000 

Total  capacity  of  subsid- 

ing or  coagulating  bunins, 
gals. 

250.000  • 

40.000 

250.000 

Total  capacity   of   filtered 

water  ba.nin,  gals. 

700.000* 

42.000 

Chemical:*  used 

Aeration    only,    no 

Aeration    only,    no 

chemicals              ,              chemicals 

Lime 

Manner  of  application  of 

1 

applied  near  extrance 

chemicnl.s. 
Number  of  filter  units  .  .  . 

to  settling  basins 
4 

V 2t 

Net   area  of  filter  surfaee, 

sq.  ft. 

720                                      4.350 

700 

Depth           of           filtering 

Gravel  (8),  Sand  (30)    Gravel  (12>.  Sand  (36) 

Gravel  (12).  Sand  (28) 

materials,  in. 

Size  of  filtering  inaterialt^, 

EfT.  sijie  0.31,  uniform- 

KfT.    size     0.54,     uni- 

mm. 

ity  coef.  1.80 

formity  coef    1  4 

Method  of  cleaning 

Reverse  flow  of  water        Scraped  by  hand 

Reverse  flow  of  water 

with      agitation      by 

with      agit.'ition     by 

compressed  air.      Oc- 

compressed air.    \>r- 

casionally    all   of   the 

ticttl  velocity  of  W8.*h- 

sand  is  taken  out  and. 

water  1  ft.  i)er  minute 

wa.shed                            | 

Nuntber    of    subsiding   or 

; 

coa^i^ulating  basins 

1                                                                      1 

2 

Control  of  rate  of  filtration. 

Controlled    by    orifice    Orifice  tvpe  controlled 

Clofied    type    of    con- 

on   raw-water    oipe.      by         hand-operated 

troller 

head  being  regulated      valve 

bv         hand-operated 

valve 

•These  basins  were  in  existence  when  iron  removal  plant  was  built  and  are  used  in  connection 
therewith,  t  Also  aerator  and  trickier  consisting  of  bed  of  coke  30  ft.  diam.  and  10  ft.  deep,  see 
p.  733. 
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TYPICAL  DATA  ON  COST  OF  WATER  PURIFICATION  PLANTS 

General  Data  (Approximate) 

Estimated  normal  cost  of  covered  slow  filters  per  acre  with  all  ap- 
purtenances including  small  pump  well,*  $100,000 
Cost  of  similar  filters  uncovered,  per  acre,  75,000 
On  the  above  basis  the  estimated  costs  of  slow  filters  per  million  gallons  are  as 
follows: 


Type                     j 

Rate  of  filtration                    •               Cost  per  mgd-t 

Covered 

5  mgad. 

3  mgad. 

4  mgad. 
3  mgad. 

$20,000 
33,333 

Covered 

Open 

Open 

18,750 
25,000 

Cost  of  rapid  filters  with  coagulating  basins  and  small  pump  well  providing 
storage  of  wash-water  and  a  small  reserve  for  pumps  may  be  estimated 
to  be  $14,000  per  mgd.  complete.  This  cost  implies  concrete  construction. 
Wooden  tanks  are  cheaper.  Plants  may  cost  as  low  as  $8000  per  mgd. 
Cost  of  open  coagulating  basins  is  estimated  to  be  $10,000  per  mg.  storage. 
Cost  of  covered  basins  $15,000  mg.  cf.  782 

Table  299.    Usual  Cost  of  Chemicals  Used  as  Coagulants,  Etc. 


Kind 


Cost  per  ton       Cost  per  lb. 


Sulfate  of  alumina 

Ferrous  sulfate,  crystallized. 
Lime,  90  per  cent,  CaO  .  . . . 
Soda,  95  per  cent.  NaoCOs. . 


$20 

$0.01 

12 

0.006 

8 

0  004 

30 

0.015 

Cost  of  Low-lift  Pumpingt  (see  also  page  462) 

Cost  of  low-lift  pumping  is  estimated  to  vary  between  $0.02  and  $0.20  and  to 

average  $0.15  for  1  mg.  1  ft.  high. 

Average  additional  lift  for  mechanical  filters 15  ft. 

Average  additional  lift  for  slow  filters 10  ft. 

Cost  of  low  lift  pumping,  mechanical  filters $2.25  per  mg 

Cost  of  low  lift  pumping,  slow  filters 1 .50  permg. 

Cost  of  Wash -water 

Cost  of  filtercMl  wash-water  is  assumed  to  be $8 .00  per  mg. 

Cost  of  pumping  wash-water  25  ft.  @  ?0.15per  mg.,  1  ft.  high  .  .       3.75 

$11.75  per  mg. 

Average  (juantity  of  filtered  wash-water,  well-designed  plants,  2.5  per  cent. 

E(iuivalcnt  to  about  $0.30  per  nig.  filtered. 

Two  per  cent,  wash-water  would  cost  $0.24  per  mg. 

Three  per  cent,  wash-water  would  cost  I0.3G  per  mg. 

Four  per  cent,  wash-water  would  cost  $0.48  per  mg.,  etc. 

•  By  Htiiall  pump  well  i.s  nionnt  ono  large  enough  to  compensate  for  differencee  between  ratCTOi 
filtration  ami  pumping  to  distribution  syntemH,  respectively. 

t  C'ost  (Iocs  not  vary  strictly  as  rate  on  account  of  the  large  proportion  of  re!*rrve  requireti  for 
higher  rates. 

t  If  filters  are  placed  near  high-level  reservoir,  so  that  pumping  is  an  addition  to  high  lift,  coet  wiU 
be  much  less,  say  10.02  to  $0.00  per  mg.  1  ft.  high  for  large  quantities. 


be  frequently  inspected  and  kept  in  order;  otherwise  inferior  resulte  will  be 
obtained. 

Curvee  in  pipes  tor  handling  sand  wear  rapidly.  Rubber-lined  hose  is 
best  for  aharp  bends. 

Corrosion  and  "Red  Water  Plague."  Pure  water  dissolves  iron  to « 
limited  degree.  Water  otherwise  pure,  which  contains  carbonic,  organic  or 
other  acids,  attacks  metals,  particularly  lead  and  Iron,  readily.  The  presence 
of  oxygen  increases  the  action  on  iron.  Soft  ground  waters  containing  carbonic 
acid  are  the  must,  and  surface  waters  containing  clay  and  atk&tia,  the  leut 
apt  to  corrode  metals.  Many  surface  waters  form  a  protective  coatini  of 
Clonic  matter  on  the  insides  of  distributing  pipes,  thereby  preventing  furtlw 
corrosion.  The  removal  of  protecting  organic  matter  by  filtration  increaiH 
corrosion.  The  use  of  sulfate  of  alumina  as  a  coagulant  increases  the 
carbonic  acid  and  decreases  the  protecting  clay  and  organic  matter.  Slo* 
filters  without  coagulants  may  increase  the  corrosiveneas  of  a  water  by  the 
oxidation  of  oi^nic  matter  and  the  production  of  carbon  dioxide  witbio  the 
filter. 

Peaty  waters,  containing  humic  and  other  organic  acids,  frequently  comxlc 
lead  pipes  and  give  rise  to  lead  poisoning  (plumbism).  This  and  other 
corrosive  action  of  the  water  may  be  diminished  by  artificially  increaaing  the 
hardness.  This  is  i>eBt  accomplished  by  the  addition  of  pure  quick  lime  b  a 
quantity  great  enough  to  neutralize  the  free  acid  and  part  of  the  IncariKKialti. 

•BoiMliiiiegnllcdBrituh.    Bat  v-iMS  023. 
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Sodium  carbonate  or  hydrate  may  also  be  used,  but  at  a  greater  cost.  CJorro- 
aion  is  most  apt  to  occur  in  hot  water  plumbing  systems,  and  is  very  frequently, 
due  to  the  poor  quality  of  the  pipe  used.  When  metals  are  not  homogeneous, 
electrolysis  is  set  up  and  the  solvent  action  of  the  water  is  increased. 

Statistics  of  Operation.  The  Committee  on  Statistics  of  Water  Purification 
(Jour.  N.  E.  W.  W.  Ass'n,  Jan.  13,  1915)  has  recommended  standard  forms 
for  filter-plant  statistics.  Analytical  methods  adopted  by  Am.  Public  Health 
Ass'n  are  recommended.  See  p.  788.  Elimination  of  unnecessary  analyt- 
ical work  is  important.  Determination  of  nitrogen  in  the  usual  form  of 
albuminoid  ammonia,  nitrites  and  nitrates  serves  no  useful  purpose,  except 
in  special  cases.  Some  of  the  simpler  physical  tests — turbidity,  color,  odor, 
microscopical  examinations,  alkalinity,  iron  and  carbonic  acid  are  most 
valuable.  In  special  cases,  dissolved  oxygen  and  manganese  should  be  de- 
termined.   Bacteriological  tests  are  always  important. 

Many  records  relating  to  engineering  matters  are  useful  and  should  be 
kept.  It  is  not  necessary  to  include  all  in  published  reports.  Tables  on 
pages  774  to  779,  include  only  data  of  sufficient  value  to  be  published. 

Sampling  is  as  important  as  arc  analytical  methods.  Bodies  of  water  are 
not  homogenous.  Frequency  of  sampling  should  depend  upon  frecjuency  of 
change  in  character  of  water  examined.  This  has  a  limitation  which  is  con- 
trolled by  practical  and  financial  considerations.  Results  based  on  infrequent 
samples,  however,  are  less  valuable  than  those  based  upon  frequent  ones. 
Irregular  sampling  gives  the  most  unreliable  results. 

Grade  of  Supervision.  Control  of  purification  plants  may  be  graded  as 
follows:  First-grade  plants  are  those  where  analyses  of  filtered  water  are  made 
one  or  more  times  a  day,  and  where  engineering  and  such  other  data  regarding 
operation  of  plant  as  are  necessary  are  collected  by  one  or  more  attendants 
constantly  employed.  Second-grade  plants  arc  those  where  analyses  are  made 
regularly,,  say  once  a  week  or  once  a  month  by  a  trained  analyst,  and  where 
an  attendant  constantly  on  duty  makes  simple  daily  tests.  Third-grade 
plants  are  those  where  analyses  are  made  irregularly  and  infrequently,  and 
where  no  daily  tests  are  made  by  the  attendant. 

Standard  Forms  for  Statistics.  Terms  used  in  the  various  tables*  pages 
774  to  779  recommended  by  N.  E.  W.  W.  Ass'n,  may  be  explained  as 
follows:    (See  page  780.) 

*  Blank  forniB  may  be  purchased  from  N.  £.  W.  W.  Asu'ii,  Treincmt  Bldg..  Bunion. 
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bers  show  to  better  advantage  variations  in  operation  of  the  filter,  and  the  fig- 
ures are  smaller  and  easier  to  handle;  for  example,  when  two  filters,  with  the 
same  raw  water,  are  operating  so  as  to  produce  98  and  99  per  cent,  ''removals/' 
the  numbers  of  bacteria  remaining  in  the  eflBluent  of  the  first  will  be  twice  as 
many  as  in  the  second.  Comparing  one  filter  with  an  efficiency  of  99  per  cent, 
with  another  of  99.9  per  cent.,  both  operating  with  the  same  raw  water,  the 
effluent  of  the  first  contains  10  times  as  many  bacteria  as  the  second. 

(7)  A  single  figure  showing  percentage  removal  during  a  certain  time  gives 
no  idea  of  the  regularity  of  operation. 

(8)  A  common  fault  of  specifications  is  the  provision  that  the  plant  shall 
show  a  certain  percentage  removal  when  the  numbers  of  bacteria  in  the  raw 
water  are  below  a  certain  limit.  This  specification  is  inadequate.  A  good 
purification  plant  is  one  which  produces  a  satisfactory  effluent  every  day  and 
every  hour  of  the  day;  efficiency  should  b^  indicated  by  the  percentage  of 
time  during  which  the  plant  produced  a  good  effluent. 

RESULTS  OF  OPERATION 

Table  302.     Cost  of  Water  Purification  in  Typical  Cases 
These  data  based  on  a  plant  of  5  mgd.  capacity  operating  at  a  }  rate. 

I  A.  Turbidity  Removal 

Typical  cost  of  water  purification  by  rapid  purification  plant  with  sub- 
siding and  coagulating  basin  and  appurtenances,!  when  average  turbidity  =  250 
p. p.m. 

Cost  of  construction $18,500 .  00  per  mgd. 

Interest  and  sinking  fund  (6  per  cent.) $3 .  04  per  mg. 

Interest  and  sinking  fund  when  operating  at  |  rated  capacity  $4 .  56  per  mg. 

Typical  cost  of  filtration,  J  rated  capacity 

$mg. 

Fixed  charges $4 .  56 

Cost  of  operation,  with  sulfate  of  alumina. 

Pumping,  15  ft.  lift $2.25 

35  p. p.m.  sulfate  of  alumina 2.93 

Superintendence,  chemist,  two  attendants 1.81 

Wash  water,  2.5  per  cent 0.30 

Repairs  and  replacements  (machinery)  10  per  cent. 

on  $2000  per  annum 0. 17 

Other  repairs  0.5  per  cent,  on  $16,500  per  annum 0 .  07 

Light,  heat,  etc 0.20 

Total  operation 7 .  73 

Ditto  with  ferrous  sulfate  (copperas)  and  lime. 
Cost  of  chemicals. . . . 

30  p. p.m.  ferrous  sulfate 1.51 

15  p. p.m.  lime 0.37 

Kxtra  superintendence 0.41 

2.29 

Saving  over  sulfate  of  alumina 0.64 

Total 7.09 

Total  operation $7.09  to  $7.73 

Total  cost  of  purification  per  mg $11 .65  to  $12.29 


cents  and  W  cents  per  capita  per  annum.  Uoneequentiy  the  additionAl  cost 
of  making  a  supply  agreeable  as  well  as  safe  is  inconsiderable.  ConsunMn 
supplied  with  water  of  bad  appearance  will  resort  to  spring  water  of  oa- 
^pown  history,  and  thereby  incur  more  expense  than  if  they  paid  their 
share  of  the  cost  of  proper  purification  at  a  central  plant.  In  additkn^ 
there  is  the  danger  of  drinking  polluted  spring  water. 
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TYPHOID  FEVER 

Annual  Tjrphoid  Fever  Death  Rales  for  Various  American  Cities  in 
Deaths  per  100,000  Population 
(Geo.  W.  Fdlleb) 


•4      I 


SI  m 

I 

S       'S       X  M 

im.-~New  York  inrludfd  Borouchs  of  MknluttiD  ud  the  Bronx  throuEh  ISIIS— tines  1898 
cr  New  York  hu  irniludrd  tlto  the  Borouglu  of  Brooklyn.  Queens  snd  lUcbniond, 
dttntion  effective  foe  city,     t  Sleriliistion  of  wstsr  supply  begun,     t  Dciinsce  Cusi  In 
e.     t  New  inUke.     |  CcniuUtinn  intioducKl. 

l^uction  in  typhoid  fever  followii^  filtration  in  northern  cities  like  Pitts- 
h  and  Cincinnati  has  been  remarkable;  similar  reductions  have  taken  place 
irthern  cities  where  the  wat«r  has  been  disinfected.  Cities  farther  south, 
Washington,  Knoxville  and  New  Orleans,  show  no  such  marked  reduction 
le  typhoid  death  rate  following  improvements  in  water  supply.  There 
been  no  marked  difference  between  the  typhoid  fever  death  rates  of 
hington  and  Richmond.  It  is  believed  that  what  improvement  has  been 
e  in  these  cities  has  been  due  to  other  causes  than  water  supply. 
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STANDARD  METHODS 

(Abridged  outline  of  methods  based  upon  Standard  Methods  for  the  Examint- 
tion  of  Water  and  Sewage,  Am.  Public  Health  Assoc.,  Laboratory  Section,  1913.) 

Collection  of  Samples.  *  Samples  should  be  collected  under  clean  and  asep- 
tic conditions  and  examined  as  soon  as  possible.  Allowable  time  between 
collection  and  analysis  varies;  reasonable  maximum  limits  are  as  follows: 

Physical  and  Chemical  Analysis!  Ground  waters,  72  hrs.;  fairly  pure 
surface  waters,  48  hrs.;  polluted  surface  waters,  12  hrs.;  sewage  effluents, 
6  hrs. ;  raw  sewage,  6  hrs.  Chemical  samples,  sterilized  by  addition  of  some 
germicide  like  chloroform  (1  c.c.  per  liter)  may,  with  impunity,  stand  a 
little  longer  before  analysis.  Dissolved  gases  should  be  determined  in  situ. 
Care  should  be  taken  to  collect  representative  samples. 

Bacteriological  Examination.    Samples  kept  at  less  than  10**  C,  6  hrs. 

Microscopical  Examination,  Ground  waters,  72  hrs.;  fairly  pure  surface 
waters,  24  hrs. ;  waters  containing  fragile  organisms,  immediately. 

Expression  of  Results.  Results  of  chemical  analysis  are  expressed  as 
parts  per  million  (p.p.m.).  This  really  means  milligrams  per  liter.  In  older 
laboratories  the  results  are  often  expressed  either  as  grains  per  gal.  (U.  S.  and 
Imp.),  or  as  parts  per  100,000. 

Table  306.     Conversion :  Grains  per  Gallop  to  Parts  per  Million 


. 

Grains  per 

U.S. 

gal. 

Grains  per   * 
Imp. 
gal. 

Parts  per 
100.000 

Parts  pfT 
1,000.000 

1  gr.  per  U.  S.  gal 

1  er.  Der  Imo.  eal 

1.000                  1.20 
0.835                 1.00 
0.585                0  70 

1.71 
1.43 

17.1 
14  .'{ 

1  Dart  T)er  100,000 

1.00                 10  0     1 

1  part  per  1,000,000 

0.058 

0.07 

0.10 

1.0 

PHYSICAL  AND  CHEMICAL  EXAMINATION 

Turbidity  (due  to  suspended  matter)  is  measured  by  comparing  with  a 
standard  suspension  of  silica  (diatomaceous  earth)  of  such  a  state  of  fineness 
that  a  water  which  contains  100  mg.  per  liter  silica  is  one  in  which  the  vanishing 
point  of  a  1  mm.  platinum  wire  is  100  mm.  below  surface  of  water  with  e>'e 
of  observer  1.2  m.  above  wire.  Turbidity  of  this  water  is  fixed  at  100.  Wash 
diatomaceous  earth  in  HCl  and  water,  drj'^,  grind  and  pass  through  200-mesh 
sieve.  Suspend  1  grm.  in  1  liter  H2O  for  stock  solution;  turbidity  equals  1000. 
Test  a  portion  diluted  to  100  with  wire,  as  above.  Turbidity  may  also  be 
detiirmined  by  means  of  U.  S.  Geol.  Survey  turbidity  rod  of  1902,  provided 
with  the  platinum  wire  mentioned  above.  Lower  rod  vertically  into  the 
water  as  far  as  the  wire  can  be  seen;  read  the  turbidity  on  the  graduated  rod 
at  surface.  Make  observations  in  open  air  in  quiet  water,  under  natural  con- 
ditions and  in  the  shade. 

^    ^  .    ,      J,    J,  suspended  matter       ,  .  «...•• 

Coejjicient    of  fineness  =  —  . — ^f'H't         ~  ^      ^®  *  measure  of  the  sue 

of  the  particles  producing  the  turbidity. 

Color  is  determined  by  comparison  with  standard  platinum-cobalt  solution. 
True  color  is  that  due  to  substances  in  true  or  in  colloidal  solution;  apparent 

•  Sec  page  773. 
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iolor  includes  that  produced  by  suspended  matter.  Dissolve  1.246  grm. 
sC2PtCl6  (0.5  grm.  Pt)  and  1  grm.  CoClj,  6H,0  (0.25  grm.  Co)  in  water  with 
100  c.c.  cone.  HCl.  Make  up  to  1  liter.  This  solution  has  a  color  value  of  5(X). 
Dilute  and  compare  sample  in  tubes  by  reflected  light. 

Odor.    Observe  odor  both  at  20**  C.  and  at  90°  C.     Symbols  used  to  de- 
icribe  odors  are  as  follows: 


V — vegetable 
a — aromatic 
K— grassy 
f — ^nshy 
e— earthy 


m — moldy 

M — musty 
d — disagreeable 
p — ^peaty 
s — sweetish 


Sxpress  degree  of  odor  by  the  following  numerals: 


Numerical 
value 

Term                                                    Approximate  definition 

0 
1 

2 
3 
4 
5 

None 
Very  faint 

Faint 
Distinct 
Decided 

Very  strong 

i 

No  odor  perceptible. 

An  odor  that  would  not  be  detected  ordinarily  by 
the  average  consumer,  but  that  could  be  de- 
tected in  the  laboratory  by  an  experienced 
observer. 

An  odor  that  the  consumer  might  detect  if  his 
attention  were  called  to  it,  but  that  would  not 
attract  attention  otherwise. 

An  odor  that  would  be  detected  readily  and  that 
mieht  cause  the  water  to  be  regarded  with 
disfavor. 

An  odor  that  would  force  itself  upon  the  atten- 
tion and  that  might  make  the  water  unpala- 
table. 

An  odor  of  such  intensity  that  the  water  would  be 
absolutely  unfit  to  drink.  (A  term  to  be  used 
only  in  extreme  cases.) 

Oxygen  Consumed.  KMn04)  0.4  grm.  per  liter ;  1  c.c.  =  0.1  mg.  0.  (NH4)0x,* 
3.888  grm.  per  liter:  1  c.c.  =  0.1  mg.  O.  To  100  c.c.  water  (if  much  contami- 
nated dilute  smaller  portion)  in  boiling  flask  add  10  c.c.  C.  P.  H2SO4  (1:3),  heat 
in  water-bath  5  min.;  add  10  c.c.  KMn04  solution  and  heat  30  min.  in  water- 
bath;  remove  from  bath;  add  10  c.c.  (NH4)0x,  then  KMn04  till  faint  perma- 
nent pink.    Each  c.c.  KMn04  used  in  excess  is  equivalent  to  1  p.p.m.  O. 

Nitrogen  as  Free  Ammonia.  Standard  NH4CI  solution;  1  c.c.  equals  0.01 
mg.  N.  (0.0382 grm.  NH4CI  in  1  liter).  Nessler's  reagent :  dissolve  50  grm.  KI  in 
water;  add  sat.  HgCl2  solution  until  a  slight  ppt.  persists;  add  400  c.c.  of  50 
per  cent.  KOH;  settle  and  decant.  Distil  500  c.c.  of  sample  (with  0.5  grm. 
NajCO  ,  if  sample  be  acid) ;  collect  first  three  50  c.c.  portions  of  distillate  in 
Nessler  tubes;  add  2  c.c.  Nessler  reagent  to  each  tube;  allow  to  stand  10  min. 
or  more;  compare  with  dilutions  of  standard  NH4CI  or  with  permanent 
standards.  (See  Standard  Methods,  t)  NH4CI  standard  should  be  made  up 
with  ammonia-free  water.  Where  free  ammonia  is  very  high  it  may  be  de- 
termined directly,  first  clarifying  the  sample  by  addition  of  10  per  cent,  solu- 

*  Ox  ■"  Oxalic  acid. 

t  SUndard  Methods  of  Water  Analysis.  American  Public  Health  Ass'n. 
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tions  of  either  CUSO4,  PbAc*  or  MgCU,  followed  by  sufficient  50  per  cent. 
KOH  to  ppt.  the  metal  as  hydrate. 

Nitrogen  as  A  Ibuminoid  A mmonia.  Alkaline  permanganate :  8  grm.  KMnOi 
and  400  c.c.  of  50  per  cent.  KOH  to  1  liter.  Boil  off  ammonia  and  make  up  to 
volume.  Make  blank  determination  and  correct  for  ammonia  remaining  in 
reagent.  After  free  ammonia  is  distilled  from  water,  add  40  c.c.  alkaline 
permanganate  and  distil  until  free  of  ammonia.  Four  or  five  50  c.c.  portions 
should  be  collected.    Nesslerize  and  compare  with  standards. 

Nitrogen  as  Nitrites.  Sulphanilic  acid  solution:  dissolve  8  grm.  purest  acid 
in  1000  c.c.  5  N.f  acetic  acid  (sp.  gr.  1.041). 

A-amidonaphthalene  solution:  dissolve  5  grm.  in  1000  c.c.  5  N.  acetic  acid; 
filter  through  absorbent  cotton. 

Standard  nitrite  solution  (NaNOi):  dilute  strong  solution.  (0.1  grm. 
nitrogen  per  liter)  1  part  to  1000  parts  of  water.  (1  c.c.  =  O.OODOOOl 
grm.  nitrogen.) 

To  100  c.c.  of  sample  in  Nessler  jars  add  1  c.c.  of  each  reagent;  mix;  allow 
to  stand  15  min.  and  compare  with  samples  similarly  treated. 

Nitrogen  as  Nitrates,  Phenolsul phonic  acid  solution:  heat  30  grm.  phenol 
and  201  c.c.  (370  grm.)  C.  P.  H2SO4  for  6  hrs.  in  water-bath.  Standard  KNd; 
7.2  mg.  per  liter,  1  c.c.  =  0.(X)1  mg.  N.  Prepare  by  evaporating  10  c.c.  of 
strong  solution  (0.72  grm.  KNO3  per  liter)  to  dryness;  treat  with  reagent  and 
make  up  to  1  liter.  Evaporate  20  c.c.  or  less  of  the  decolorized  sample  almost 
to  dryness  on  the  water-bath;  add  1  c.c.  of  acid  to  residue;  mix  well;  add  water 
and  either  KOH  or  ammonia  until  alkaline.  Compare  with  standards  simi- 
larly treated.    If  chlorides  interfere  ppt.  with  Ag2S04  and  filter. 

Nitrates  may  be  determined  by  reduction,  using  25  per  cent.  KOH  and 
strip  of  aluminum  foil  weighing  about  0.5  grm.  Concentrate  100  c.c.  of  sample 
and  2  c.c.  of  KOH  solution  to  20  c.c.  Pour  into  reduction  tube  and  add  alu- 
minum foil.  Close  tube  by  means  of  rubber  stopper  provided  with  trapped  out- 
let tube.     After  action  is  complete,  distil  ofif  ammonia  and  nesslerize. 

Hardness,  Standard  soap  solution:  dissolve  100  grm.  dry  white  Castile 
soap  in  1  liter  80  per  cent,  alcohol  and  allow  to  stand  several  days.  From  this 
solution  take  such  quantity  that  the  resulting  solution  made  by  diluting  stock 
solution  with  70  per  cent,  alcohol  will  give  a  permanent  (5-min.)  lather  when 
6.40  c.c.  of  it  are  properly  added  to  20  c.c.  of  standard  CaCU  (use  75-100  c.c. 
stock  solution). 

Standard  CaCU:  dissolve  0.2  grm.  pure  CaCOs  (calcit^)  in  a  little  dilute 
HCl  then  add  H2O,  and  evaporate  to  dryness  several  times  to  expel  acid.  Make 
up  to  1  liter  with  HoO.     1  c.c.  is  equivalent  to  0.2  mg.  CaCOa. 

Put  50  c.c.  of  sample  in  a  250  c.c.  bottle;  add  standard  soap  solution  slowly 
until  complete  lather  persis^^s  over  surface  of  water  5  min.  after  shaking.  If 
water  be  hard,  take  smaller  portions  and  dilute  to  50  c.c.  with  distilled  H2O. 
Estimate  hardness  by  means  of  following  table: 


•  Ac  «=»  acetic   ani«l. 

N       1 

t  N,  as  adjective,  =  normal  Htrength;  5  N  =  5  times  normal  strength;  r^^  "  w>  nornml  strength. 


EXAMINATION  OF  WATER 


791 


Table  807.    Hardness:  Parts  per  Million  of  Calcium  Carbonate  (CaCOi)  for 
Each  Tenth  of  a  Cubic  Centimeter  of  Soap  Solution  When  60  c.c.  of  the 

Sample  are  Used 


C.c.  of  Boap 
Bolutioo 

0.0 
c.c. 

0.1 
c.c. 

0.2 
c.c. 

0.3 
c.c. 

0.4 
c.c. 

0.5 
c.c. 

0.6 
c.c. 

0.7 
c.c. 

0.8 
c.c. 

0.9 
c.c. 

0.0 

0.0 
15.6 
28.6 

1.6 
16.9 
29.9 

3.2 
18.2 
31.2 

1.0 

2.0 

4.8 
19.5 

6.3 
20.8 

7.9 
22.1 

9.5 
23.4 

11.1 

24.7 

12.7 
26.0 

14.3 
27.3 

3.0 

4.0 

5.0 

32.5 
45.7 
60.0 

33.8 
47.1 
61.4 

35.1 

48.6 
62.9 

36.4 
50.0 
64.3 

37.7 
51.4 
65.7 

39.0 
52.9 
67.1 

40.3 
54.3 
68.6 

41.6 
55.7 
70.0 

42.9 
57.1 
71.4 

44.3 
58.6 
72.9 

6.0 

7.0 

74.3 

88.6 

75.7 
90.0 

77.1 
91.4 

78.6 
92.9 

80.0 
94.3 

81.4 
95.7 

82.9 
97.1 

84.3 
98.6 

85.7 
100.0 

87.1 
101.5 

Table  308.     Conversion  Table  of  Hardness 


Parts  per 
1         million 

Clark                 French 
deiH'eefl                degrees 

German 
degrees 

Parts  per  million \         1.0 

Clark  desrees 14 .3 

0.07         i       0.10 
1.00                1.43 
0.70                1.00 
1.24         1       1.78 

0.056 
0.80 
0.66 
1.00 

French  deerees 1       10.0 

German  degrees 17 . 8 

Hardness  is  expressed  according  to  several  arbitrary  scales.  Other  methods 
for  testing  hardness  are  described  in  connection  with  water  softening  (pp. 
720,  721). 

Cfdorine.  Standard  AgNOs  solution,  2.40  grm.  to  1  liter, — 1  c.c.  equivalent 
to  0.5  mg.  CI,  as  chlorides  in  the  water. 

Standard  NaCl  solution,  16.48  grm.  per  liter.     1  c.c.  equivalent  to  1  mg.  CI. 

K2Cr04  indicator,  50  grm.  per  liter.  Dissolve  salt  in  a  little  water;  add 
enough  AgNOs  solution  to  produce  precipitate;  filter,  and  make  up  to  1  liter 
with  distilled  water. 

/l2(OH)6  for  decolorizing:  prepare  by  electrolyzing  ammonia-free  water 
using,  \1  electrodes,  or  by  precipitating  125  grm.  alum,  dissolved  in  1  liter  of 
water,  .^th  ammonia;  wash  precipitate  formed  until  free  from  CI,  NH3  and 
NO2. 

To  50  c  c.  of  sample  in  white  porcelain  evaporating  dish,  add  standard 
AgNOa  solution,  using  2  c.c.  of  K2Cr04  as  indicator,  until  red  tint  of  Ag2Cr04 
appears.  If  chlorine  be  high,  use  less  than  50  c.c.  and  dilute  to  volume;  if  low, 
evaporate  250  c.c.  or  more  to  volume  or  add  a  known  quantity  of  standard 
NaCl  solution  and  titrate  as  directed.  If  color  be  above  30,  add  Al2(0H)«, 
heat  and  filter;  if  acid,  neutralize  with  soda. 

Iron  may  occur  in  water  both  in  dissolved  and  suspended  form  in  ferrous 
(unoxidized)  and  ferric  (oxidized)  condition.  Total  iron  is  determined  as  fol- 
lows: Standard  iron  solution:  0.7  grm.  Fe(NH4)2(S04)2,  6H2O  in  50  c.c.  H2O, 
add  20  c.c.  dilute  H2SO4,  warm  slightly,  oxidize  with  KMn04  and  dilute  to  1 
liter;  1  c.c.  is  equivalent  to  0.1  mg.  Fe. 
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for  fcrtain  oni<«llular  foms  fe  impcirtjiuii. 
Certain  of  these  baeteriA  mre  Domud  inhalntaiits  of  mil  suifmce  vmt^t^  mod 
some  ground  wateis.  Some  baeteriii  are  entirely  harmless^  some  very  ham^ 
fill,  and  some  indjcatire  of  possible  presence  of  harmful  forms.  Each  $peciet«i 
has  both  its  natural  and  its  accidental  habitat.  Any  ejcamination  of  water 
does  not  reveal  all  the  bacteria  present;  methods  for  this  ha\*e  not  been  di:«>- 
covered,  but  the  number  growing  under  standard  conditions  is  an  index  of  the 
amount  of  pollution  <»*  contamination  and  sometimes  of  the  quantity  of  foi>d 
material  available  for  their  growth.  Und«>  normal  conditions  a  well  water 
should  contain  less  than  a  surface  water,  and  surface  water  with  sewage  ci^n- 
lamination  should  show  increased  numbers.  Fluctuations  in  hights  of  strean^^ 
and  genial  water  conditions  have  a  marked  effect  upon  numbers  of  bacteria 
in  surface  waters.  Of  far  greater  importance,  however,  than  mere  numl>ers  is 
the  detection  of  certain  organisms  known  to  accompany  fecal  pollution. 
Many  normal  wat^*  bacteria  are  unaUe  to  grow  at  37^  C,  while  almost  all 
fecal  organisms  grow  at  this  temperatiu^  Unfortunately  man>*  harmless 
soil  bacteria  are  able  to  grow  at  37*  C.  (98®  F.). 

According  to  Savage  (Elements  of  Water  Bacteriology,  1906): 

Water  only  at  37*  C.  (98**  F.)  showed  3  bacteria  per  c.c. 
Water  only  at  21*  C.  (70*  F.)  showed  76  bacteria  per  cc 
Water  -f  soil  at  37*  C.  showed  1630  bacteria  per  c.c. 
Water  +  soil  at  21*  C.  showed  1970  bacteria  per  c.c. 

In  1903,  Boston  sewage  test^  at  M.  I.  T.*  Sanitar>'  Research  St^Uion  showotl 
3,660,000  bacteria  per  c.c.  when  grown  on  gelatin  at  20*  C;  2,aiO,(XX) 
per  c.c.  when  grown  on  agar  at  37*  C.  In  the  latter  case,  550,000  wvrt^  aciil 
formers. 

BaciUu9  colt  is  one  of  the  normal  types  of  bacteria  of  the  intestinal  tracts 
of  man  and  higher  animals.  Its  presence  usually  is  the  result  of  human  or 
animal  pollution.  Houston  (London,  1902-1903)  found  100  to  1,000,0(X)  H.  ooli 
per  gram  in  feces  of  seventeen  normal  persons.  To  make  presumptive  tost 
for  B.  coli,  inoculate  fermentation  tubes  containing  dextrose  broth  ami  lac- 
tose bile,  respectively,  with  varying  volumes  of  water,  0.1  to  10  cc,  in- 
cubate for  24  to  48  hrs.  at  37*  C.  and  observe  formation  of  gas.  With  pro- 
duction of  10  per  cent,  or  more  of  gas,  B.  coli  is  presumeil  to  be  present.  Lac- 
tose-litmus-agar  plates  inoculated  with  gas-forming  cultures  (see  p.  7%)  may 
be  used  to  isolate  B.  coli  which  form  acid,  red  colonies. 

There  are  several  species  in  the  B.  coli  group,  all  characterized  by  fermenta- 
tion of  dextrose  and  lactose  with  gas  production.  These  bacteria  are  short 
bacilli  with  rounded  ends,  non-spore-forming,  facultative  anaerobes,  give  posi- 
tive tests  with  esculin,  grow  at  both  20*  C.  and  37*  C,  do  not  liquefy  gehitin 
for  14  days  and  are  not  stained  by  Gram's  method.  The  group  consists  of 
four  species — B.  communior,  B.  communi,  B.  aerogencs,  B.  acidi-lactici.  The 
first  two  species  are  separated  from  the  second  two  by  their  gas  production 
with  dulcite,  and  the  first  of  each  of  these  two  groups  may  be  separated  from 
the  second  by  its  gas  production  with  saccharose. 

*  Mass.  Institute  of  Technology. 


796  WATERWORKS  HANDBOOK 

STANDARD  MEDIA  AND  OTHER  PREPARATIONS 

Nutrient  Gelatin  and  Agar 

Nutrient  gelatin  and  agar  shall  be  prepared  as  follows: 

Gelatin  Agar 

1.  Boil  10  or  15  grm.  thread  agar  in  500  c.e. 

water  for  half  hour  and  make  up  weight 
to  500  grm.  or  digest  for  15  min.  in  auto- 
clave.   Let  this  cool  to  about  60^  C. 

2.  Infuse  500  grm.  lean  meat  24        Infuse  500  grm.  lean  meat  24  hrs.  with 
hrs.  with  1000  c.c.  of  distilled        500  c.c.  distilled  water  in  refrigerator, 
water  in  rrfrigerator. 

3.  Make  up  any  loss  by  evaporation. 

4.  Strain  infusion  through  cotton  flannel. 

5.  Weigh  filtered  infusion. 

6.  Add  1  per  cent.  Witters  peptone,       Add  2  per  cent.  Witte's  peptone. 
and  10  per  cent,  gold  label  sheet 

gelatin  on  dry  basis. 

7.  Warm  on  water-bath,  stirring  till  peptone  and  gel- 
atin lare  dissolved  and  not  allowing  temperature 
to  rise  above  60**  C.  (140**  F.). 

8.  To  500  grm.  of  meat  infusion  add  500  c.c. 

of  3  per  cent,  agar,  keeping  temperature 
below  60°  C. 

9.  Titrate,  after  boiling  1  min.  to  expel  carbonic  acid. 

10.  Adjust  reaction  to  +1.0  per  cent.  by.  adding  normal 

hydrochloric  acid  or  sodium  hydrate  a.s  required. 

11.  Heat  over  boiling  water  (or  steam)  bath  for  40  min. 

12.  Restore  loss  by  evaporation. 

13.  Readjust  to  +1.0  per  cent,  if  necessary  and  boil  5 

min.  over  free  flame,  constantly  stirring. 

14.  Make  up  loss  by  evaporation. 

15.  Filter  through  absorbent  cotton  and  cotton  flannel, 

passing  the  filtrate  through  the  filter  until  clear. 

16.  Titrate  and  record  tlie  final  reaction. 

17.  Tube,  using  10  c.c.  of  medium  in  each  tube. 

18.  Sterilize  15  min.  in  the  autoclave  at  120°  C,  or  for 

30  min.   in  streaming  steam  on  3  successive  days. 
Put  the  gelatin  at  once  into  ice-water  till  solidified. 

19.  Store  in  *the  ice-chest  in  a.  moist  atmosphere,  to  pre- 
vent evaporation. 

Lactose  litfnus  agar  shall  be  prepared  in  same  manner  as  nutrient  agar, 
with  addition  of  1  per  cent,  of  lactose  to  medium  just  before  sterilization. 
Reaction  shall  be  made  neutral  to  phenolphthalein.  If  medium  is  to  be  used 
in  tubes,  sterilized  azolitmin  solution  shall  not  be  added  until  just  before 
final  sterilization.  If  medium  is  to  be  used  in  Petri  dishes,  sterilized  azolit- 
min solution  shall  not  be  added  to  medium  until  it  is  ready  to  be  poured  into 
dishes.  More  colonies  and  better  general  results  are  obtained,  when  litmus 
and  lactose  are  sterilized  separately  and  added  to  the  plate  with  the  neutral 
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See  "Microscopy  of  Drinking  Water,"  Whipple;  ''Manual  of  Bacteriology/' 
Muir  and  Richie;  "The  Structure  and  Functions  of  Bacteria/'  Fischer; 
"Molds  and  Yeasts,"  Conn;  "Die  Eisenbakterien,"  Molish. 

Microorganisms f  according  to  Whipple,  include  all  organisms  which  are 
invisible  or  partly  visible  to  the  eye,  including  the  bacteria  mentioned  else- 
where. Microscopic  organisms,  or  plankton,  a  subdivbion  of  the  broader 
class,  do  not  require  special  culture  media  and  may  be  examined  with  an  ordi- 
nary microscope  using  1-in.  ocular  and  J-in.  objective.  Detailed  methods  for 
identifying  and  enumerating  organisms  are  given  by  Whipple,  "Microscopy 
of  Drinking  Water."  In  brief  they  consist  in  concentrating  500  c.c.  or  less 
of  the  water  by  filtration  through  sand;  suspension  of  the  sand  in  5  c.c.  of 
water,  1  c.c.  of  which  is  placed  in  a  special  cell,  20  mm.  X  50  mm.  X  1  mm., 
and  examined  using  the  optical  combination  mentioned,  also  an  eyepiece 
micrometer  so  graduated  that  it  covers  1  sq.  micron  of  the  cell  on  the  stage  of 
the  microscope.  For  field  work  Bunker  has  devised  a  sling  filter  and  a  simpler 
circular  cell.  Usually  10  or  20  squares  are  counted.  Masses  of  zooglea  and 
amorphous  material,  also  the  organisms  themselves,  are  counted  as  standard 
units  by  most  observers.  One  standard  unit  =  400  sq.  microns;  1  micron  = 
O.OOI  mm.  The  sand  used  is  washed  and  screened  between  60-  and  100-mesb 
sieves.  If  possible,  observations  should  be  made  immediately  after  collection, 
as  many  microscopic  organisms  are  so  fragile  that  they  disintegrate  rapidly. 

Plankton  is  determined  by  filtering  a  large  volume  of  water  in  a  Plankton 
net  or  filter,  weighing  or  measuring  the  residue.  Results  are  expressed  as 
milligrams  per  liter.     Plankton  includes  all  suspended  organisms. 


INTERPRETATION  OF  RESULTS 

An  analytical  examination  of  water  consists  of  a  series  of  tests  and  experi- 
ments, usually  from  10  to  25  in  number,  to  assist  in  ascertaining  its 
past  history  and  its  present  condition.  For  the  former  purpose,  chemical 
examination  is  of  the  most  value;  for  the  latter,  bacteriological;  the  value  of 
these  is  increased  many  fold  if  accompanied  by  a  careful  sanitary  inspection 
of  the  source  of  the  sample.  The  important  object  of  a  water  analysis  is  the 
determination  of  the  presence  or  absence  of  unpurified  human,  animal  or  in- 
dustrial wastes,  particularly  sewage.  Therefore,  in  the  language  of  the  late 
Professor  Kinnicutt,  ^'It  is  very  obvious  that  no  single  set  of  chemical  stand- 
ards will  be  safe  to  use  in  commending  or  condemning  a  given  water."  The 
opinion  of  the  analyst  must  be  based  upon  the  analytical  results  considered 
in  the  light  of  the  geological  and  sanitary  conditions  revealed  by  the  inspec- 
tion of  the  sources. 

The  following  synopsis  exj)lains  in  brief  the  significance  of  the  various 
tests.  For  a  more  technical  explanation,  refer  to  standard  works  on  water 
analysis,  such  as: 

American  Public  Health  Ass'n,  Report  of  Committee  on  Standard  Methods 
of  Water  Analysis,  1913;  Woodman  and  Norton,  Air  and  Food,  1915;  J.C. 
Thresh,  The  Examination  of  Water  and  Water  Supplies,  1904;  OhlmuUer  and 
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AlkiUinity  is  a  measure  of  the  carbonates  and  bica'bonates  and  is  included 
in  the  hardness  determination. 

Total  hardnew  by  soap  is  a  measure  of  the  soap^Kiuauming  power  of  the 
water  expressed  in  terms  of  CaCOi-  It  is  a  rough  measure  of  the  Ca  and  Mg 
Raltfl  present  and  includes  both  AlkalinUg  and  Mineral  Acid  Hardneai,  which 


laltrr  is  duo  to  presence  of  chlorides,  sulphiitea  and  nitrates.  Mineral  acid 
hardness  is  often  called  Permanent  Hardness  nr  Inenistanls;  it  ia  not  removed  by 
boiling. 

ChUirine  is  found  in  nil  natural  waters.     Its  source  may  be  salt  deposit.<:  in 
the  soil.     Chlorine  is  carried  inland  from  the  sea  by  the  air  currents,  precipi- 
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tated  with  the  rain.  Where  the  normal  chlorine  is  known,  determination  of 
chlorine  is  of  very  great  sanitary  significance.  An  excess,  in  absence  of  soil 
deposits,  is  a  sure  indication  of  present  or  past  pollution.  A  map  has  been 
prepared  for  the  Eastern  portion  of  the  United  States.  See  Fig  411.  In 
localities  where  salt  deposits  afifect  the  water,  determination  of  normal  chlorine 
is  impracticable. 

Total  residue  m  a  measure  of  the  matters  dissolved  and  suspended  in  the 
water. 

'Poisonous  Metals,  Service  pip>es  and  metal  vessels  in  contact  with  water 
often  dissolve  readily.  This  is  usually  due  to  the  presence  of  carbon  dioxide 
assisted  by  oxygen  and  by  the  absence  of  mineral  constituents  which  would 
retard  the  action.  Poisoning  by  copper,  zinc  and  lead,  most  frequently 
by  the  latter  metal,  is  likely  to  occur.  A  water  containing  as  low  as  0.5  p.p.m. 
of  lead  has  caused  lead  poisoning,  and  even  smaller  amounts  of  any  of  these 
metals  have  been  known  to  endanger  health  when  taken  regularly. 

Bacteria  are  valuable  indicators  of  the  present  condition  of  any  water. 
The  total  number  is  of  value  in  making  routine  tests  from  the  same  source, 
though  liable  to  insignificant  variations.  Ordinary  procedure  enumerates 
only  a  part  of  the  bacteria  present.  The  proportion  enumerated  is  variable. 
Of  much  more  value  is  the  determination  of  the  members  of  the  group  of  bac- 
teria of  which  Bacillus  coli  is  the  type.  Presence  of  these  indicate  pollution 
and  possible  presence  of  pathogenic  bacteria,  such  as  B.  typhosus  and  B.  para- 
typhosus.    A  search  for  B.  enteriditis  is  often  of  value. 

Examples,  The  following  typical  analyses  illustrate  far  better  than  any 
set  rules  the  meaning  of  analytical  results. 

Table  311.     Comparative  Analyses  of  Wholesome  and  Polluted  Waters 

(Parts  per  million) 


Source  of  sample 

Massap 

chusetts 
mountain 
spring 
(unpol- 
luted) 

Unpolluted 
ground 

water;    wells 

and  filter 

gallery 

(Metro- 
politan) 
Boston 

city 
supply; 
surface 

Sewage 
efiSuent 

Polluted 
weU 

r^A     /Cold.  20«C 

00  0 

00.0 
1. 

00. 
0.39 
0.000 
0.006 

00  0 
00  0 

00.0 
Vegetable 

00  0 

Musty 
9. 

10. 
2.23 
0.430 

•6.64 

00.0 
2  VegetoUe 
2. 
1. 

1.02 
0.092 
0.074 

"****'     Hot.W  c WW  .'.'.'.'.'. 

Turbidity—silica  standard 

Color — platinum  standard 

20. 

14. 
2.3 
0.013 
0.097 
0.015 
0.072 
0.000 
0.031 
2.8 

Oxygen  conaumed 

Nitrogen 

M 

[  Free  ammonia 

0.045 
0.054 

Albuminoid 
ammonia 

[  Total 

Suspended 
Dissolved 

Nitrites. . . . 

0.000 
0.000 
3.00 

11.0 

14.3 

0.001 
0.246 
7.2 

0.214 
8.87 
42.2 

0.005 

36.0 
142.5 

24.0 
117.0 

Nitrates 

Chlorine. 

AlkaUnitj 

f , 

Hardness 

by  soap  metl 

lod 

48.0 
0.46 

95.7 
Negative 
Negative 

11.0 

Iron.  Fe. 

Total  resi 

due  on  evapo 
oli  in  10  c.c. . 

ration 

32.0 
Negative 
Negative 

30.9 
Negative 
Negative 

296.0 
Positive 
Positive 

936.0 

Positive 

Positive 

Bacillus  c 

B.  coli — 1 

;>re8umptive  test 

*  Total  organic  nitrogen. 
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Aqueducts,  cut-and-cover,  quantities,  estimat- 
ing. 278 

drains,  274 

expansion  joints,  273,  274.  275 

flotation,  278 

gate-liouses.  294 

maintenance,  200 

reinforced  concrete.  375 

screens,  292 

tunnels,  281-290 

waste  weirs,  278 

water  temperature,  276 
Arch,  deflections,  136.  141 

groined.  521.  522.  737.  738 
Arfehed  dams,  135-147 

suitability  for  site,  115,  135  143 
Arkansas  clay  auger,  228 
Artesian  wells,  75,  655 
Asphalt,  pipe  coating.  319,  322,  323 
Asterionella.  copper  sulfate  treatment,  699 
Atcherley,  dam  studies,  134 
Atmosphere,  impuritites,  644 

pressure.  468,  625,  626 
Atomic  weights,  elements.  667 
Attleboro  standpipe,  525,  526,  527 
Auger  borings.  228  \ 
d'Auria  i>ump.  496 
Automatic,  chemical  feeds,  702,  709 

crest,  dams,  161 

.    B 

B.  coli,  795 

copper  sulfate  destroys.  696 

ground  waters,  651 

index,  662,  781 

inhibited  by  lactose  bile,  797 

polluted  and  wholesome  waters,  801 

presence,  interpretation,  787 

presumptive  test,  786,  795 

species.  795 

tests,  781 
forms.  776 
prccieion,  780 

in  treated  water,  787 

water  supplies,  787 
Bacillus,  typhoid,  vitality,  672,  681 
Bacteria,  aerated  water,  247 

denitrifying,  648 

in  filters,  781 

filtration  removes,  734,  787 

fungi,  797 

ground  waters,  650 

groups,  determination,  801 

infectiousncBs,  781 

iron,  695,  797 

longevity,  672 

number,  temperature  effect,  291.  660 

plant  life,  657 

presence,  interpretation,  795 

removal,  chemicals,  697 
coat,  771,  783 
slow  filters,  771 

V8.  sand,  size.  734 

in  sewaRc,  660,  795 

soil,  047,  G4S,  650 
growth,  795 

species  work,  797 

storage  effect,  97,  681 

temperature  and  growth,  291,  660,  795 

test,  forms,  775 
precision.  780 
value,  773.  798,  801 

in  top  soil,  647 
Bacterial  flora,  707 
Bacteriride,  lime  in  excess,  721 
Bacteriological  examination  of  water,  795 

value.  773,  798.  801 
Bacteriology,  bibliography,  797,  798 
Bacterioscopic  methods,  water  examination,  786 
Ba<len-Hadon,  springs,  87 
Baffles,  contact.  729,  730 

subsiding  basins.  108,  688 

walls,  settling  basins.  108 
Bailers,  sand,  wells.  218,  222 
Balls,  mud,  filters,  752,  763 
Banding,  wood  pipe,  weight,  371 


Bands,  machine-banded  pipe,  362,  364,  366 
Barium,  carbonate,  coagulant,  696 
cost,  692 
formula,  692 
water  softening.  697,  720 

chloride,  formula,  6^ 
solubility.  726 
water  softening,  721 

hydrate,  water  softening,  719,  721 

process,  water  softening,  725 

sulfate,  formula,  689 
Barometer  pressure,  American  cities.  627 

equivalents,  467 
Barrages,  aprons,  155 
Bars,  standard  upsets,  536 
Basic  sulfate  of  alumina,  coagulant,  093 

cost.  692 

formula.  692 
Basins,  baffles,  108.  688 

coagulating,  deferrixation  plants,  764 
rapid  sand  filters,  768 
statistics.  687 
water  softening,  765 

filtered  water,  750,  765-769 

intermittent  va.  continuous,  688 

sediment  removal,  684 

settling,  arrangement,  686 
baffles,  108.  688 
currents,  108 
typical  plants,  765-769 

subsiding,  statistics,  687.  765-769 

types,  for  sedimentation,  685 
Bathing  in  reservoirs,  673.  674.  675 
Bathrooms,  water  required,  545 
Baum  arch  dam,  143 

Bauxite,  source  of  basic  sulfate  of  alumina.  693 
Basin's  weir  formula,  597,  602 
Beads,  cast-iron  pipe,  grooves  replace,  398 
Bearings,  steam  turbine,  478 

thrust,  centrifugal  pumps,  488 
Beds,  slow  filter,  sise.  736 
Bell,  holes,  pipe  la>'ing,  394 

post  hydrants,  444 

-and-spigot  pipe,  openings  on  curves,  395 
Belt  transmission,  efficiency,  497 
Bends,  continuous  stave  pipe,  363 

head  lost,  552.  553.  583 

measuring  flow.  586 

pipe,  flanged.  341,  380,  382 
Berm,  204,  206,  214 
Bitose,  pipe  coating.  319 
Bits,  well  sinking,  218 
Bitumastic  enamel,  322,  407 
Blackening  brass  or  bronze,  616 
Blaisdell  machine,  filters,  734,  745 

operating  cost,  784 

Wilmington  filters,  767 
Bleaching  powder,  697 

applving,  704 

disinfectant,  697.  713,  714 

cost,  692 

formula,  692 

slow-sand  filters,  766 
Blue  vitriol.  696 
Blocks,  concrete,  dams.  163 
Blow-off,  branch,  bosses  and  lugs,  379 

valves,  location,  410 

wooden  pip>e,  3.59 
Boiler,  horsepower,  503 

iron,  specifications,  350 
Boilers,  503-510 

compounds,  722 

cost,  463 

evaporation,  461,  464,  503,  504 

feed  pumps,  474 

firing,  508 

fixed  charges,  465 

foaming.  508,  697,  717-719 

hard  waters,  717 

horsepower  required,  464 

inspection  rules,  508 

priming,  717.  718 

safety  valve.  508 

scale,  analysis,  723 
heat  losses,  718 

type,  505 
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Boilers,  water  softening,  chemicals,  quantities, 
721 
results,  728 
Boiling  point,  water,  500,  643 
Bolt,  holes,  flanges.  380 

lugs,  special  castings,  379 
Bolts,  anchor,  standpipes,  537 
steel  tanks,  533 

corrosion  protection,  380 

for  flanged  connections,  380,  381 

for  valves,  420 
Booster  system,  air-lift  pump,  264 
Bored  wood  pipe.  360 
Borings,  auger,  228 
Borts,  226 

Bosses,  setHMsrew,  370 
Boston  formula,  service  pipes,  556 
Bottled  water.  784 

steriliied.  715 
Boulders,  reservoir  clearing.  103 

transportation  by  flo<xls,  48 

wash,  wells.  223 

well  sinking.  223,  228.  231 
Box,  aerator.  260 

sand  washing,  740 

weir,  598 
Box's  formula,  flow,  cast-iron  pipes,  558, 561,  562 
Brass,  blackening.  616 

corrosion.  610  ^ 

cracking,  616 

hypochlorite  of  lime,  effect,  260 

pipes,  flow,  550,  561 
Brick,  lining,  aqueducts.  272,  282 

radial,  chimneys,  514 

sewer  lining,  durability,  600 
Bridges,  aqueduct,  280 

concrete,  temperature  range,  121 

pipes  on.  380,  408 

steel  pii>e,  317 
Brine,  pumping,  247 
Bronse.  615 

blackening,  616 

corrosion,  610 

Shosphor,  resistant  to  coagulants,  704 
s.  gaging.  72 
Brownian  movements,  molecules,  691 
Bubbles,  rate  of  rise,  501 
Bucket  meter.  457 
Buildings,  waterworks,  cost.  204 

life.  630 
Burkli-Ziegler,  run-off  formula,  277 
Burlap,  pipe  covering,  321 
Burrowing  animals,  earth  structures,  211 
Butt,  joints,  steel  plate,  cost,  356 
design.  310-312 
properties,  302-304 
riveting.  208 
where  used,  206,  531 
straps.  298,  302-304 
Buttress,  volume,  140 
Buttressed  dams,  147-152 
By-pass,  valves,  420 


Cable,  well  sinking,  219 
Calcium,  carbonate,  formula,  689 
hardness,  equivalents.  701 
precipitation,  721 

hypochlorite,  607 

sulfate,  removal,  606 
California  method,  well  sinking,  217,  222 
Calking,  machine.  400 

masonry.  275,  521 

pipe  joints.  309 

pneumatic,  400 

rivet  heads,  536 

split,  329 

standpipes,  537 

steel  pipe,  298.  304,  328 

steel  tanks,  531,  537 

tool.  400 
Calyx  drUl.  wells.  226 
Camp  filter.  753.  757 

contractor's,  sanitation,  674 
Canals,  growths.  291 


Canals,  side  slopes,  261 

silting.  Ill 
Canvas,  standpipe  waterproofing,  528 
Capacity,  tables,  623 
Capillarity,  sand,  75 

Capillary  tubes,  flow,  exponential  formula,  650 
Hasen's  formula,  605 
viscosity  effect,  79,  80 
Carbon  dioxide,  aeration  effect,  679.  690 

corrosion  accelerated,  679,  772,  801 

{(round  waters,  648 
ead  corroded,  679,  772 
pure  waters,  657 
produced  in  filter.  772 
removal  from  water,  732 
test,  792 

precision,  780 

value.  773 
solubility.  643,  645 
weight,  644 
Carbonic  acid  («e«  Carbon  dioxids). 
Cascades,  aeration,  690 
Casings  for  wells,  240 
California,  222 
corrosion.  240 
cutter.  231 
dimensions,  347 
durability.  223,  300 
sinking,  220 
Cast  iron,  corrosion,  407,  618 
modulus  of  elasticity,  594 
for  standpipes,  speoifieations,  636 
va.  steel,  621 
Cast-iron  pipe,  379-390 
breakages,  387,  393 
capaci^  m.  wooden  pipe,  366 
ooatin|[,  bitumastio,  407 
cost  diagram,  390 
on  curves.  393.  395-^398 
durability.  407.  618 
electrolysis.  416.  618 
failure,  391 

flow  formulas,  555-571.  677,  678 
hi^h-pressure.  388 
joints,  calking,  399 

expansion,  387 

flexible,  388,  404,  406 

wooden  wedges,  418 
large,  flow  coefficients,  668 
.    laying,  393-399 
leakage,  414  - 
life,  392.  639 
reducers,  341,  382,  383 
vs.  riveted  steel,  3S5.  356 
salt  marshes,  407,  619 
specials.  341.  382.  383 
steel-pipe  connections,  320 
street  mains,  391 
thickness,  385 
trenches.  394 
Universal.  389 
Castings,  aluminum-bronse,  615 
brass  and  bronse,  616 
special,  bolt  lugs  and  bosses,  379 

coating.  380 

for  curves  in  mains,  396.  397 

flanged.  341,  382,  383 

loss  of  head,  552.  553.  583 

spiral  riveted  pipe.  338 

weak,  reinforcing,  399 

wooden  pipe,  364.  370 
Caterpillar  tractors,  stumps.  106,  107 
Catskill    aqueduct,    cut-and-cover.    diagrams, 
279,  280 
pressure  tunnels.  282-289 
standard  types,  271 
steel  pipes.  325,  336 

burlap  covering.  321 

joint  design.  304-312 

manhole.  316 

mortar  lining  experiments,  322-325 

pickling.  317 

rivet  holes,  296 
Venturi  meter,  455 
Caustic  soda.  696 

cost  and  formula,  692 
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Caustic  soda,  water  softening,  quantity,  721 
Cement,  for  grouting.  283.  613 

pipe.  378 

rust  inhibitive,  621 

sand.  168 

solubility,  607 

tufa,  608 

ultimate  tensile  strength  in  dam.  121 
Cemeteries,  on  watersheds.  674 
Centrifugal  pumps,  484-406 

automatic  starting  accessories.  405 

bed  plates.  480 

bibliography.  406 

characteristics.  400 

check  valves  protect,  441 

discharge  losses,  580 

efficiency,  401  ' 

fire  pressure,  484 

impellers;  486 

motor  drive,  407 

noise,  487 

priming,  404 

slip.  475 

standard  sises.  403 

statistics  needed  by  designers,  402 

stuffing  box,  487.  404 

testing.  480 

types,  484 
Centrifugal  turbines,  wells,  241 
Cesspool  on  watershed.  673 
Chambers,  air.  pipe  lines,  505 
rapid  sand  filters.  761 
suction  pipe.  470  ' 

floor  covers.  204 

gS|^ng,  aqueduct,  205 

grit,  cleaning.  684 

settling,  spring  house,  86 

steel  pipe  lines,  320 

valve,  roof  loads.  641 
Channel,  curves,  flow,  266 

flow,  gaging,  71 

linings,  262 

mean  radius,  262 

open.  261-268 
Check  valves,  441 
Chemical,  analysis,  terms,  788 

examination,  value,  798 

treatment  of  water,  691-715 
Chemicals,  bacteria  removal,  697,  771,  783 

coagulants,  quantity,  697 

cost,  692,  770 

per  million  gals.,  711 

devices  for  applying,  700 

dry,  feeding,  709 

names  and  formulas,  689 

regulation  of  flow,  7ri7 

regulator.  704 

solutions,  rates  of  flow,  709 

for  water  softening,  718,  719 
Checy's  formula,  265 

cast-iron  pipe,  508 

cleaned  pipes,  412 

wood  pipe,  572 
Chilled  shot  method,  well  sinking,  227 
Chimneys,  513-517 
Chlorine,  available,  bleaching  powder,  697 

color  removal,  694 

compounds,   aeration  and  storage  reduces, 
714 

disinfectant,  713,  721 

free,  test,  793 

gas.  713 

pressures,  712 
solubility,  714 
weight.  714 

liquid,  697,  713 
application,  70S 
cost,  692 
disinfectant,  713 
formula.  692 
rapid  filters,  768 
slow  filters.  766 

in  natural  waters.  800 

normal,  map,  800 

in  rain  water,  645 

taste  in  water,  714 


Chlorine,  test,  701 

precision,  780 

well  water,  238 

wholesome  and  polluted  waters,  801 
Chlorophyoes,  copper  sulfate  treatment.  6M 

odors.  666 
Chlorophyll,  water  colored,  678 
Cippoletti's  weir,  formula,  001 
Circular  pipes,  propertiee,  551 
Cistern,  contents,  634 

materials.  645 
Cities,  air  pollution,  645 

foreign,  water  consumption,  550 

snow  pollution,  644 

U.  S.,  altitudes,  627 
water  consumption,  545 
weather  statistics.  627 
Cladophora  on  canal  limwgp,  201 
Clams,  organic  life  increases,  658 
Clay,  colloidal,  coagulant  required,  007 
coagulation  affected,  603 
sise  of  particles.  685,  601 

concrete  waterproofing,  610 

porosity,  83 

removal  by  sedimentation,  688 

running,  wells,  231 

safe  flow  over,  262 

scour,  110 

sises,  607 

slopes,  261 

turbidity  relation,  730 

water-bearing,  75,  70,  81 
Cleaning  water  mains,  411 
Clearing,  reservoir  sites,  103-108 
Cloudbursts,  extent,  08 
Coagulants,  cost,  602,  770 

electrol3rtic  production,  605 

feeding  devices,  700 

tanks,  260,  701,  704 
Coagulating  basins,  687-680,  764.  765.  768 
Coagulation,  601 

after-,  603 

period,  710 

purpose,  602 

water  softening.  710,  721,  765 
Coasulum.  solubility,  soda  excess,  603 
Coal,  analysis.  511 

consumptioUj  duty  relation,  467 
sise  of  engine  units.  459 
small  engines.  466,  513 

cost,  in  steam  consumption.  461 

evaporative  power,  504 

heat  units,  466 

specifications,  N.  Y.  City,  510 

weight,  510 
Coal-tar  pitch,  pipes,  319,  322 
Coating,  steel  pipe,  318-323,  320 
Coeflicient,  fineness,  664,  788 

linear  dilatation,  123 

turbidity,  50 

uniformity.  81.  739 
Cold  periods,  U.  S..  635 
Collector,  main,  filters,  754 
Colloidal,  clay  (see  Clay,  colloidal) 

solutions,  692 
Colloids,  colored  matter ,^  678 

reversible,  692 

theory,  691 
Colon  bacillus  {gee  B.  coli.) 
Color,  acidity  relation.  604 

cnoice  of  filter,  734 

determination,  788 

limit,  acceptable  water,  681 

low.  717 

oxygen  consumed,  related,  700 

removal,  cost,  771,  783 

chlorine,  694 
rapid  sand  filter,  771 
BtoraKC,  676,  678.  680 
sulfate  of  alumina,  608 

soil  stripping,  107,  670 

tests,  forms,  774,  775 
interpretation,  700 

typical  analyses,  668-671.  801 
Coloring  matter,  coagulant,  quantity.  607 
Columns,  steel  tank  towers,  632,  530 
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Dams,  masonry,  failure,  124,  126, 134 
formulas,  128 
foundations,  115,  121,  162 
*      longitudinal  cracks,  122 
pressure  lines.  126 
pressures  at  faces,  128 
sections,  146,  174-191 
sliding.  125 

stress  experiments,  135 
temperature  effects,  120,  124 
toe,  earth  filling.  118,  124 
upstream  face  vertical,  127 
upward  pressure,  115,  116.  124.  168-173 
water  control,  162 
weight,  130.  613 

allowance  in  design,  115 
sones  for  designing.  126 
multiple-arch.  144,  147,  160 
overflow.  158-161 
apron,  153.  154,  157 
cross-sections,  174-180 
discharge,  601 
typical.  166.  167 
vacuum.  115,  158 
on  porous  foundfttions.  152-158 
principal,  statistics.  147.  165-173,  215,  216 
regulating,  channels,  268 
reinforced  concrete,  118,  140 

buttressed.  140 
rock-fill.  192 
on  sand.  152-158 
sheet-pile,  156 
solid  V8.  rock-fill.  104 
state  control,  165 
stream  control,  208 
wind  pressure,  116 
wooden,  durability,  361 
Day.  test,  780 

Death  rates,  typhoid  fever,  785 
Decay,  timber,  361 
Deep  wells,  bacteria,  650 

free  ammonia  and  nitrogen,  648 
Deferrisation,  731 

filtration  rate,  747 
plant,  cleaning  cost,  784 

control.  764 
rakinjf,  748 

typical,  data,  764 
Degrees,  water  hardness,  717,  791 
DemanKaaization,  731.  733 
Denatured  alcohol,  freezing,  636 
Denitrifying,  bacteria,  648 
Depth,  mean,  rivers,  2C2 
Depth-recording  apparatus,  639 
Deserts,  rainfall,  22 
Devioes  for  adding  chemicals,  700 
Dianietors,  powers,  .')54 
Diamond  drills,  wells,  220 
Diaphragm  method,  velocity  of  water,  71 
Diatoniaceffi.  copper  sulfate  treatment,  699 

odors,  666 
Diatoms,  seasons,  683 
Dickens,  run-off  formulas.  42 
Differential  intake,  91 
Dilatation,  linear,  coefficient,  123 
Direotograph,  pitonicter,  413 
Dirt  catcher,  screens,  293 
Disc  meter,  456 
Discharge,  air,  586 
old  pipe  line,  561 
rivers,  49-72 

run-off,  conversion  tables,  624 
velocity,  size  relation,  ."iol 
Disease  germs,  disinfection,  71.'i 
Diseases,  water-borne,  072 
Oiainfection.  bleaching  powder,  697 

water,  713 
Disinfectants,  075,  713,  721 
Dissolved  oxygen,  test,  793 
in  aerated  waters,  732 
Distribution,  mains,  subaqueous,  315,  389,  403- 
408 
reservoirs,  518 
valves,  438 
systems,  ,391-419 
cleaning,  411 


DiBtribution  systemB,  oonnectioas  at 
tions,  302 
earthquake  effect,  637 
head  lost,  583 
losses,  411-416 
maintenance,  408 
map,  301 
pressures,  302 
spongilla,  358,  412 
valve  sises,  420 

velocities  in  pipes,  576,  583,  586 
wooden  pipes,  365,  371 
Ditches,  flow,  262-268 
lining,  268 
swamp  drainage,  670 
DiverS;  working  limitations,  407 
Diversion  weir,  153 
Dome  dam,  Ithaca,  141 
Double-cone,  well  depth,  238 
Draft,  forced,  combustion,  500 
pumping  engine,  466 
reservoirs,  04-07,  114 
Drainage,  earth  dams,  208 
Drains,  out-and-cover  aqueduct,  274 
hydrant,  445 

through  porous  concrete,  610 
slow  filters.  736 
Dred^  pump,  247 
Drifting,  steel  pipe  work,  206 
Drill-hole,  deflection,  232 
Drills,  core,  well  sinking,  217,  226 

diamond,  wells,  226 
Drip  valve,  446,  440 
Drive,  clamps,  wells,  220 
heads,  wells,  220 
pipe,  wells,  220 
shoe,  well  sinking,  220,  225 
Driving' pipe,  wells,  220 
Drop  of  water,  623 
Droughts,  United  States.  27 
Duplex  pumps,  slide  valves,  473 
Duty,  air-lift,  wells,  250 
pumping  engines,  460 
pumping  station,  467 
steam  turbines.  482 
Dyeing  industry,  water  softened,  721 


Earth  dams,  198-215 

cores,  198-203 

cost.  211 

design  and  construction.  205-212 

earthquake  effects,  637 

paving,  203,  520 

with  puddle  cores.  199,  210,  212 

stratification,  214 

typical,  dimensions,  212,  215.  216 
Earth,  filling,  toe  of  dam,  118  .124 

foundations,  masonry  dams.  162 

layers,  dams,  209 

saturated,  pressure,  124 
Earthquakes,  dams.  125,  037 

water-works  structures,  637 
Earthwork,  methods,  208 

slhicing,  213 

steel  pipe,  330-336 

wood  pipe,  359 
Economizer,  fuel,  507 
Edges,  beveled,  steel  plates,  314 
Eduction  pipe,  242.  244,  250 
Effective 'size,  sand,  78,  739 
Effluent  (filter),  bacteria.  781 
safety,  735 

sewage,  analysis.  801 
Ejector,  pump  priming,  494 

sand,  filters,  742.  744 
for  sediment,  684 
Elbows,  flow  measured.  586 

standard  cast-iron.  341,  382.  383 

wood,  305 
Electric,  generators,  life,  639 

thawing,  pipes,  410 
Electrolysis,  c.  i.  pipes,  416.  618 

steel  pipe,  318,  355.  418,  621 

wooden  pipes,  365 
Electrolytes,  692 
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Electrolytic,  appaitetus,  coagulanta,  696 

theory  of  corrosion,  355 
Elements,  atomic  weishts,  667 
Elevation  («ee  Altitude). 
Embankments,  foundations  aqueducts,  271,  278 

srassing,  112 

Homogeneous,  reservoirs,  198 

settlement.  206,  210 

sloughing,  205 

wave  erosion,  108,  205,  214 

weight.  210 
Enamel,  bitumastic,  322,  407 
Engines,  fire,  393 

pumping  («e<  Pumping  engines). 
English  filter,  734 

Erosion  by  water,  110.  261.  609.  641 
Evaporation.  28-39 

boilers.  461,  464,  503.  504 

coefficient,  31.  47 

forests.  Ill 

ice,  34  « 

laws,  28 

rainfall  rate  affects,  28 

residue,  water  analysis.  792 

snow.  28.  34 

soils,  37 

U.  8.,  statistics.  35 

vegetation.  39 

water  surfaces.  30,  34-36 
Examination  of  water,  786-801 
Excavating,  hydraulic,  213 
Excrement,  reservoir  sites,  106 

disinfection,  675 
Expansion  joints,  aqueducts.  273.  274.  275 

flumes.  270 

lead,  519 

masonry  dam,  125 

pipe,  3M.  387,  532 

reservoir  floor,  519 
Expansion,  sand,  filters,  762.  763,  764 


Facing,  rock-fill  dams,  192.  193 
Factory  wastes,  watersheds.  614 
Fanning,  run-off  formula,  42,  277 
Farmyard  wells,  bacteria.  650 
Faucets,  water  consumption,  550 
Feed,  chemicals,  dry.  709 

water,  hard,  remedies,  717 
heating.  506 
softening,  696.  718 
temperature  and  vacuum,  510 
Ferroohlor,  disinfectant,  714 
Ferrous  and  ferric  iron.  693 
Ferrous  sulfate,  coagulant.  694,  696 

cost.  692,  770 

cost  to  use,  782 

dry  feed,  709 

formula,  689.  692 

with  lime.  694 

quantity  required,  699 
Fifth  powers,  numbers,  554 
Filter,  734 

bacteria,  781 

bottoms,  752  * 

controllers,  inspection,  772 

covered.  683,  737.  738 

crib,  intakes,  655 

domestic,  757 

double,  784 

effluent,  bacteria,  781 
safety,  735 

English.  734 

films,  734 

filtration  rates,  equivalent.  772 

gravel,  preparation.  739 

gravity,  748 

intermittent,  organic  matter,  735 

mechanical.  748-764  (for  subdivisions,  see 
Rapid  sand  filters). 

operation,  efficiency.  781 

periods,  746,  780 

plants,  cost.  770 
life.  639 
roofs,  683.  737,  738 


Filter,  preamire,  748 

protection  from  pollution.  672 

for  rain  water,  645 

rapid  sand,   748-764  (for  subdivisions,  ««< 
Rapid  sand  filters). 

roofs.  683.  737.  738 

sand,  734   (for  subdivisions,  tee  Slow  sand 
filters). 

slow  sand  (tee  Slow  sand  filters). 

slow  ««.  rapid.  734.  749 

small.  757 

statistics  of  operation,  773 

supervision,  7/3 

system,  choice,  734 
Filtration,  734 

bacteria  removed,  734,  787 

without  coagulation,  691 

natural,  75 

preliminary.  729 

rates,  equivalents,  772 
flow  of  chemicals,  709 
forms.  776 
Fineness,  coefficient.  664.  788 
Fire,  engines.  393 

hydrants.  447-449 

pressure,  pumps,  473. 484 

pumj;)s.  impeller  design,  491 

service,  pressure  in  mains.  393 

water  consumption.  518 
Fishj  copper  sulfate  effect.  700.  710 
Fishing,  reservoirs.  675 
Fiittings,  c.  i..  for  wooden  pipes.  364,  370 

flanged  pipes,  341.  380.  383,  384 

for  steel  pipe,  316 

well.  242 
Fitsgerald's  evaporation  formula.  29 
Five-halves  powers  of  numbers,  554 
Flanged  fittings,  pipes.  341.  380.  383.  384 
Flanges,  bolts.  380.  381 

companion,  344 

gaskets,  380,  384,  622 
igh-hub.  340.  342 

post  hydrant,  445 

protection  from  coating,  321 

shrink.  342 

standard,  340-345,  381,  383 

steel,  superheater,  506 

steel  pipe.  330,  341-345 

tank.  345 
Flap  valves,  442 
Flashboards.  159 

storage,  101 
Float  controller.  759 
Floats,  gaging,  68 
Floods,  excessive,  48,  160 

southern  California,  197 
Floors,  pervious,  diversion  weirs,  156 

reservoir,  519,  611 
Flora,  bacterial.  797 
Flow,  air.  586 

in  pipes.  246 

clean  vs.  foul  pipes,  559 

through  cracks.  603 

over  dams.  601 

disturbance  at  bends,  586 

ditches,  262-268 

formulas,  c.  i.  pipes.  555-571,  577,  578 

general  formulas,  555 

measurement  by  pipe  bends,  586 

open  channels,  262-268 

porous  medium,  78,  80.  84 

rate,  indicator,  753,  756 
chemicals,  709 

recorder.  457 

steep  slopes,  98 

streams,  40-72 

temperature,  relation,  79.  557 

underground  waters.  77-84,  747 
Flumes,  268-270 

wear.  214 
Flush  hydrants.  449 
Foaming,  boilers.  508,  697.  717-719 
Foot,  acre-,  equivalents.  623.  624,  628 

piece,  air-lift  pumps,  251 

valve,  440 
openings,  470 
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Foot,  valve,  on  pump  Buction,  494 
Forbes  Bterilixer,  713 
Foree  main,  economic  siie,  583 
Fore  apron,  153 
Forestry,  111 
Forests,  run-oflf.  111 
Formaldehyde,  disinfectant,  675 
Forms,  aqueduct,  276 

reinforced-ooncrete  pipe,  377 
Formulas,  chemical,  689 
Fobs'  formula,  flow,  265,  555 
Fouling,  aqueduct,  200 
Fountain  Bi>ring8.  87 
Francis'  weir  formula,  598 
Frasil.  92 
Freesing,  canal  linings,  262 

pipes,  365,  410 

point,  salt  solution,  636 
Frequency,  index,  659 
Friction,  coefficient  of  flow,  556 

head,  diagrams,  576 
long  pipes,  555,  556 
open  channels,  267 
pipe  condition  effect,  560 

pipe,  general  formula,  557 

sand  and  water,  flow,  744 
Friiell  system,  air  lift,  251 
Frost-proofing,  pipes,  533 
Fuels.  510 

economiser.  507 

saving,  feea-water  heater,  506 
Fun^i.  797 

in  distribution  system,  358,  412,  797 

stagnant  water,  683 


G 


Gages,  loBS-of-head,  filters,  753,  759 
inspection,  772 
rain,  1 

rivet,  298,  306-312 
Gaging,  chambers,  aqueducts,  295 

streams.  07-72 
Gallery,  infiltration,  256-259,  655 
pipe,  rapid  filters.  749 
subterranean,  88 
Gallon,  equivalents,  623 

imperial.  G23,  G28 
Ganguillet  and   Kutter.  formula,  transporting 

power,  48 
Garbage,  on  waterBheds,  073 
Gas,  gases,  atmospheric,  absorption.  644 
disaolved.  analysiB.  788 
ground  water,  648 
removal,  690 
pipes,  testing,  389 
pump,  496 
pumping,  513 
in  rain  water.  645,  657 
solubility,  water,  643 
surface  waters,  657 
weight,  644 
Gaskets,  flanged  pipe,  380.  384.  622 
Gasoline  pumping,  512 
Gasometer,  air  to  rapid  filters.  753 
Gate,  chambers,  steel  pipe.  329 
-houses,  aqueduct,  294 

reservoir,  196.  209 
sluice,  area  of  opening,  421 
automatic  lubricator,  429 
bronze  specifications,  615 
discharge,  424.  604 
fastening,  429 
for  high  pressure,  424 
stock  size,  429 
Spanish,  110 
spillway.  195 
for  valves,  420 
valves,  420 

area  of  opening.  421 
cylindrical,  424 
instant  closure,  593 
loss  of  head.  583,  604 
power  to  open,  425 
standard,  4  28 


Gearing,  effidenoy,  497 
Gelatin,  baoteriology.  796 
Generators,  electric,  life,  639 
Geolo^,  ground  water  affected,  653 
Germicide,  sunlisht,  714 
Germs,  diaease,  disinfection,  713 
Qilsomte,  pipe  coatings,  319 
Glacial  depoaits,  southern  border,  76 
Glycerin  solution,  freesing,  636 
Gneiss,  poroaity,  8^ 

water-bearing,'  77 
Governors,  steam  turbines,  478 
Grade  tunnels,  282 

Grains,  per  gal.,  conversion  units,  709,  791 
to  p.p.m.,  709,  788 

Bise  of  separation,  608,  741 
Granite,  blasting,  cost,  193 

durability  in  conduits.  600 

porosity,  81,  82 

water-bearing,  77,  81 
Graphite,  paint,  steel  pipe.  318 

pipe-joint  compound,  471 

pump  lubricant,  472 
Grassing,  112 

slopes  protected,  204 
Gravel,  be<M,  water-bearing,  75 

classification  by  sisea,  €k)7 

clay  puddle,  614 

deierrisation  plant,  764 

discharge  coemcient.  739 

filter,  preparation,  739 

porosity,  80 

rapid  sand  filters,  752,  768.  769 

Bare  flow,  262 

slow  filters,  737,  741,  767 

suspended  in  water,  grades.  685 
Gravity,  dams  (see  Dams,  gravity). 

filter,  748 
Grit  chambers,  cleaning,  684 
Groined  arches,  521,  522,  737,  738 
Ground  ghu,  92 
Ground  water,  73-88 

albuminoid  ammonia,  799,  801 

analysis,  801 
sampling,  788 

appearance,  646 

artificial.  656 

bacteria,  650 

bibliography.  88 

carbon  dioxide,  648 

characteristics,  646 

color.  646 

corroding  power,  772 

flow.  77-84.  747 
measurement.  85 

gases,  dissolved,  648 

geological  formations,  663 

grade  tunnels,  282 

mineral  content,  653 

odor,  646 

purification.  75,  648 

purity,  74,  75 

rainfall  relation,  235 

reservoirs.  88 

covered.  522.  683 

storage,  88,  522,  683 

Btream-flow  relation,  235 

Bupplies.  inspection,  675 

taste,  646 

temperature.  79.  646 

transmission  constant.  83 

turbidity,  646 

yield.  74 

zones.  653 
Grout,  613 

mixer.  164.  165 
Grouting,  cement,  283,  613 

dam  foundations.  164 

machine.  283 

standpilM?  leaks.  527 

steel  pipe  lining,  325.  326 

temperature  cracks,  275 

tunnel,  284,  285,  613 
Growths,  aqueducts  and  canals.  291 
Grubbing  reservoir  sites,  103.  681 
Gutter,  rapid  sand  filters.  750 
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Pipes,  part  full,  hydraulie  elements,  553 

plate  metal.  206-358 

reinforced  concrete,  372 

riveted  wrought-iron,  300,  351 

riveted  steel  {we  Steel  pipe>. 

salt  marshes,  407.  619 

scraper,  411 

service,  corrosion,  772,  801 
flow,  555,  564 
galvanised,  w.  i.,  344 
organisms  clog,  797 
solubility,  801 

siphons,  585 

spiral  riveted,  335-340 
flow,  571 

steam,  flanged,  384 
joint  compound,  471 
pumps,  471 
stations,  507 

steel,  296-348,  355-358  («ee  Steel  pipe  for 
Subdivisions). 

stream  crossings,  315,  380,  403-408 

suction,  470,  405,  672 

support  on  bridge,  408 

swedge,  wells,  231 

tapping  machine,  400 

thawing,  410 

tuberculated,  flow,  556,  561,  563,  576 

velocity,  discharge,  sise  relation,  551 

water,  corroded  by  after-coagulation,  603 
electrolysis,  416 

water-hammer,  502 

welded  steel  plate,  347 

well,  flow,  234 

wet  connections,  408 

wood  sUve,  350-371 

(For  subdivisions,  aee  Wooden  pipe). 

wrought-iron,  (see  Wrought-iron  pipe). 
Piping,  for  lime  milk,  704 

sand  handling,  wear,  772 

for  sand  and  water,  743.  744 

steam  {see  Pipes,  steam). 

wells.  244,  253 
Piston  speed,  pumps.  460,  474 
Pit.  slush,  wells.  224 
Pitch.  riveU,  steel  pipe,  207-312,  531 

coal-tar,  pipes,  310,  322. 
Pitometer  system,  pipe  testing,  413 
Plague,  red  water,  772 
Plane,  shearing,  lakes,  678 
Plankton.  657.  708 
Plant  life,  nitrates,  647 
Plants,  water  purification,  cost,  770 
life,  630 

roofs,  683.  737,  738 
super  vi8ion.773 
Plates,  bearing,  pressures  on  masonry,  531 

index  punching,  208 

standpipcs,  533,  535 

steel  pipes,  313 

steel  tanks,  531 

wrought-iron.  300,  350 
Plug,  wooden  pipe  laying,  360 

steel  pipe,  316 
Plumbing,  corrosion,  773 
Plumbism,  772 
Pneumatic,  calking.  400 

water  tanks,  580 
Pohle's  system,  air  lift,  251 
Poisonous  metals,  801 
Pole-tool  method,  well  drilling,  221 
Polyzoa,  aqueducts.  200 

in  distribution  system.  358 
Ponds,  source  of  water  supply.  656 
Portable  drilling  rig.  wells,  221 
Potassium  salts,  formulas,  680 

solubility.  726 
Pounds  per   million  gals,  conversion^diagram, 

700 
Powder,  bleaching  {aee  Bleaching  Powder). 
Power,  equivalents,  625 

plants,  water  softening,  718 
Powers  of  numbers,  554 
Precipitation  (nre  Rainfall). 

water  softening,  721 
Prefiltcrs,  729,  731 


Preliminary  filtration,  729 
Pretreatment  of  water,  731  , 

Pressures,  altitude  relation,  467 
atmosphere,  468,  625,  626 
barometric,  equivalents,  467,  626 
in  distribution  ssrstems,  302 
equivalents,  467,  625 
filter,  748 

fire,  pumps,  473,  484 
reduction,  valves,  432-430,  442«  405 
-regulating  valves,  432-430,  442,  405 
steam,  500 

pumping  engines,  474 

turbmes,  481 
tunnel,  282-280 
upwards,    masonry  dams,    115,    116.    124, 

168-173 
water,  625.  626 
waves,  pipe  lines.  504 
Priming.  boUers.  717.  718 
Prismoidal  tanks,  volumes,  114 
Privy  on  watershed,  673 
Protosoa,  bacteria  consumed*  672 
copper  sulfate  treatment,  600 
food  for,  658 
odors,  666 
Public  watering  station,  400 
Puddle,  613 

cores,  earth  dams,  100,  210,  212 
paving,  200    ' 
Puddling,  200 

Puech-chabal  system,  prefilters,  729 
Pumping,  brine,  247 
cost,  462,  463,  770 
deep  well,  246,  250 
electrical,  497 
engine,  compound,  473 

cost.  461.  463 

cylinder  data,  474 

delivery  pipes,  471 

draft.  466 

duty.  460j 

exhaust  pipes.  471 

fire  pressure,  473,  484 
I       fixed  charges,  465 

foundation,  470 

high-duty.  464,  465 

hot-air,  241,  497 

installing,  470 

life,  465,  639 

mechanical  efficiency,  460,  497 

miscellaneous  types,  496 

non-pul8atin|(,  497 

pipe  connections,  469 

piston  speed,  469,  474 

proposals,  460 

reciprocating,  459,  481 

sise  of  units,  459 

slip,  474 

small,  466,  469 

starting,  472 

steam  consumption,  459 

steam  pressure  required,  474 

sweating,  472 

triple  expansion,  465 

water  consumption,  466,  510,  545 
gas,  406,  513 
gasoline.  512 

horsepower,  theoretical.  468,  620 
low-lift,  cost,  770 
sewage,  247 
stations,  cost,  204,  464 

duty.  467 

earthquake  effects,  637,  638 

pipes.  507 
steam  turbines.  483 
steam  r«.  gas.  513 
w^ater  horsepower,  468,  620 
Pumps,  air,  boilers,  500 
air-lift,  242-253 
d'Auria,  406 
boiler  feed,  474 

centrifugal,     484-406,    580     (for    subdivi- 
sions, eee  Centrifugal  pumps), 
chemical  feed,  700 
dredge,  247 
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Scrubbers,  filters,  729 
S«a  water,  analysis,  671 

oxygen  dissolved.  794 

weight,  626,  628 

well  interference,  230,  238 
Seams,  steel  pipe,  296 
Second-feet,  equivalents.  623 
Sediment,  muddy  stream,  661.  664 

removal  from  basins,  684 

transportation.  48,  110,  213,  232 
Sedimentation.  684-689 

basins,  arrangement,  686 
baffles,  108,  687 
currents,  108 
typical  plants,  765-769 

particle  sise  removed,  686,  687 

storage  reservoirs,  684 
Seeding,  toi>  soil,  113 
Seepage,  lining  prevents,  268 
Self-cleaning  method,  well  drilling.  221 
Siervice,  connections  to  wood  pipe,  365 

curb  box,  419 

pipes,  corrosion,  772,  801 
flow,  555,  564 
galvaniBe>d,  w.i.,  344 
organisms,  clog,  797 
solubility,  801 
Set-screw  bosses,  379 
Settlement,  embankments,  206,  210 
Settling,  basins,  arrangement,  686 
baffles  108,  688 
currents,  108 
typical  plants,  765-769 

chamber,  spring  house,  86 

time,  particles,  685 
Sewaoe,  bacteria,  660,  795 

disposal,  watersheds,  673,  674 

effluent,  analysis.  801 

organisms  multiplied,  107 

pumping,  247 
Sewers,  brick  lining,  durability,  609 

run-off,  278 
Shafts,  centrifugal  pump  impellers.  486 

tunnel.  281,  286.  287,  289 
Shale,  bearing  capacity,  125 

water-bearing.  76 
Shearing  plane,  lakes.  678 
Sheet-pue  dams.  156 
Sheet-piling,  dam  core,  198,  199 
Shield,  waterworks  tunnel,  288 
Shifts,  point  displacements.  134 
Shoe,  drive  well  sinking,  220,  225 

wooden  pipe  bands,  359,  362 
Shop  riveting,  steel  pipe,  297 
Shrink  flange,  pipe,  342 
Shrunk  and  peened  joint,  pipes,  340 
Shutters,  diversion  weir,  154 
Sieve,  sand  testing,  60S,  739 
Silt,  canals.  111 

coagulant  required,  697 

deposition,  temperature  effect,  686 

iron  preserved,  610 

removal,  sluicing,  110 
'subsidence,  velocity,  684 

suspended  in  water,  grades,  685 
Silting,  reservoirs,  108-111 
Hinkerbar,  well  sinking,  217 
Siphons,  c.i.  pipe  specials,  397 

pipe,  585 

reservoir  outlet,  209 

spillways,  98 

steel  pipe,  336 
Skyscrapers,  water  supply,  392 
Slabs,  reinforced  concrete,  295 
Slate,  water-bearing,  76 

plastic,  waterproofing,  528 
Sleeve,  coupling,  well  casing,  220 
wooden  pipes,  370 

and  nipple,  pipe  tapping,  409 
Slichtcr,  measuring  ground-waters,  85 
Slide,  rules,  hydraulic  computations,  551 

valves,  duplex  pumps,  473 
Slip,  air-lift  pumps.  246.  248 

joint,  steel  pipe,  340 

purnpinK  engines,  474,  475 

socket,  wells,  231 


Slopes,  earth  stmetures,  206 
functions  of  «,  574 
grassing  protects,  204 
ground-water  flow,  70 
paving,  reservoirs,  203,  520 
steep,  flow,  98 
Sloughing,  prevention.  205 
Slow  sand  niters,  automatic  eontroilen,  748 
bacteria  removal,  coat,  771 
beds,  sise,  736 
cleaning,  742-748.  767 

beds  out  of  service,  736 
control,  748,  766,  767 
cost.  766.  767.  770.  771 
cycle,  746 
drains,  736 
filtration  rates,  746,  747 

control,  748,  766,  767 
gravel,  737,  741.  767 
loss  of  h«id,  736,  747,  752 
old  M.  new,  748 
period.  746 
piers,  battered,  741 
raking,  748 

M.  rapid,  choice,  734,  749 
run,  777 
sand,  767 

inspection,  771,  772 

sise,  741,  746.  766.  767 

uniformity  coefficient.  741,  766,  767 

washing.  742-748,  767 
scraping.  748 
statistics,  forms,  776,  777 
typical  plants,  766,  767 
underdrains,  736 
walls  battered,  741 
wash-water,  748,  770 
washing.  742-748.  767 

cost.  783 
Sludge,  streams,  organisms,  658 
Sluice  gates,  area  of  opening.  421 
automatic  lubricator,  429 
bronze  specifications,  615 
discharge,  424,  604 
fastening.  429 
for  high  pressures,  424 
stock  size.  429 
Sluicing,  earthwork.  213 

silt  removal,  110 
Slush  filter,  744 

pit,  wells,  224 
Smithsonian  rain  gage.  1 
Snow,  analysis,  670 

evaporation,  28.  34 
pollution,  cities.  644 
Snowfall,  equivalent  rainfall.  7 
Soap,  and  alum,  waterproofing,  525 
hard  waters,  cost,  717 
solution,  hardness  determined.  791 
Soda,  cost,  770 

ash,  cost,  and  formula.  692 

hardness  increased,  693 

and  lime,  water  softening,  719 

water  softening,  696,  721 
caustic.  696 

cost  and  formula.  602 

water  softening,  quantity.  721 
Sodium,  carbonate,  hardneee  increased.  773 
chloride,  ground  waters.  646 

solutions,  freezing,  636 

tanks,  637 
hypochlorite,  disinfectant,  713,  714 

substitute  for  bleaching  powder,  708 
phosphate,  water  softening,  quantity,  721 
salts,  formulas,  689 

solubility.  726 
thiosulfate.  over^jhloriniiation,  697,  714 
Soft  waters,  coagulation,  692 

lead  pipes,  618 
Softening,  water  {see  Water  softening). 
Soil,  aeration.  648 

bacteria,  647,  648,  650 

gnowth,  795 
corroding  powers,  621 
erosion,  261 
evaporation,  37 
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steel  pipes,  laying,  327 

leakage,  358.  414 
rivet  beads,  297 

life,  357,  639 

lines,  355 

chambers,  329 
valves,  330 

mains.  391 

manholes,  316 

mortar  lining.  323,  333-336,  857 

pickling.  317 

plate  material,  313 

rivets,  296 
pitch,  297-312 

salt  marshes,  407 

shop  riveting,  297 

siphons,  336 

sises,  minimum,  314 

spiral.  335-340 
flow,  571 

standard,  dimensions,  345 

street  mains,  391 

temperature  effect,  330,  358 

testmg,  304 

thickness,  299 

trenches,  331 

welded,  347 

t».  wood,  359,  366 

weight,  299 
Sterilisation,  unnecessary,  713 
Sterilisers,  bleaching  powder,  697 

Forbes,  713 
Stone,  paving,  reservoirs,  204 
Stop  planks,  293 
Storage,  bacteria  affected,  97,  681 

chlorine  compounds  reduced,  714 

color  removal.  676,  678.  680 

deferricating  process,  732 

filtered  waters,  683 

flashboards,  101 

f (round  waters,  88,  522,  683 
ong,  results,  672 
micro-organisiriB  affected,  082 
organisnia  affcotofl,  107,  070,  082 
quality  iin proved,  070 
reaervo,  reservoirs,  114 
re<iuire(i  in  reservoirs,  93  97 
reservoirs.  93-97.  104,  111 
se<limentation,  084 
time.  CSO 
Stovepipe  method,  well  sinking,  217,  222 
•Strainer,  foot  valve,  440 

rapid  sand  filters,  751,  7.')3,  754 
on  SHction  pip<',  470 
well.  2.19 

air-lift  pumps,  253 
bored  wells.  22S,  229 
cIoKginK.  23S.  253 
hydraulic  re(juirernents,  2'^t 
hydraulic  rotary  wells*,  225 
natural.  223 
Straps,  butt,  steel  pipe.  29S.  302  304 
Strata,  geoloKical.  water  content,  S2 
Stratification,  eartli  dams.  211 
Stream,  control,  dams,  2()S 

crossings,  pijx'  lines,  315,  .'iS9,  403-408 
deposits,  water-bearing,  77 
flow.  40   72 

groiuul  water  relation,  235 
records,  42,  50  (iO 
year,  average,  42 
gaging.  ()7-72 

hight.  bacteria  relation,  795 
scour.  109 

Bource  of  water  supply.  050 
Musp<'nded  mineral  matter,  40.  004 
velocities,  liich,  72 
critical,  109 
variation,  OS 
Street  mains,  smallest  and  largest,  391 
String  of  tools.  w«'ll  sinking,  217 
Structures,  waterworks,  eartlujuakeR,  037 

life,  039 
Stuffing  bolt's,  centrifugal  pumi>H.  1S7,  494 
hyclrants,  410 
packing,  425,  478 


Stuffing  steam  tnrbinM,  478 

Stumps,  reservoir  sites,  103,  106,  107.  881 

Subaqueous  mains,  315,  388,  403-408 

Subsidence,  theory,  684 

Subsiding  basins,  statistics.  687.  765-760 

Suction,  Dox,  chemical  feed,  707,  708 

lifting  water.  468,  469,  494 

limit,  wells,  229 
/pipe,  air  leaks,  495 
installing,  470 
pollution,  672 

vacuum  equivalents,  625 
Sugar,  broth,  preparation.  797 

of  iron,  694 

sulfate,  694 

water  softening,  quantity,  721 
Sulfate  of  alumina,  nasic,  692.  693 

carbonic  acid,  increased.  772 

color  removal.  698 

concrete  tank,  260 

cost,  692.  770,  782 

dry  feed.  709 

formula.  689,  692 

auantity  reauired,  697.  698.  710 
ow  sand  filters,  766 

solubility,  726 

waterproofing  concrete.  611 

water-softening.  765 
Sulphuric  acid,  in  rain  water.  646 

pumping.  247 
Sunlight,  algtecide.  683 

bleaching  action,  678 

germicidal  action,  714 
Superheated  steam,  benefits,  466 

f>iping,  flanges,  380 
ubricants  affected,  472 

valves,  380,  506 
Superheaters,  505 

Superstructures,  cost,  294  

Surface  water,  albuminoid  ammonia,  709 

analysis,  sampling,  788 

bacteria.  660 

filtration  rates.  747 

odon*.  ()6.5 

organic  matter,  057 

storage  required.  676 

Hupply,  050 

typical  analysis,  801 
Surges,  open  channels,  206 

pipe  lines,  593,  595 
Surveys  for  electrolysis,  410 
Suspended  matter,  »edimentation.  687 
Sutro  weir,  704 
Swamp,  formation.  87 

rewrvoir  sites,  treatment.  100.  079 

watershed,  run-t)ff,  41,  93 
Sylvester's  nrocejw,  waterproofing.  611 
stand  pipe,  528 


Tables,  operating,  filters,  752,  7.*>5 

water,  73,  230 
Tanks,  for  acid  coagulants,  704 
bottom,  form,  539 
capacity,  030,  032 
centrifugal  pump  attache<l.  495 
coagulant  solutions,  200,  701,  704 
cylindrical,  capacity,  030 
depth,  recording  apparatus,  639 
eartliMuake  effects,  038 
flanges,  345 
foundations.  537 
hf)ops,  wrought-iron,  301,  544 
pneumatic,  water.  589 
priflmoidal,  volume.  114 
pumping  to,  497 
railroad,  iiimensions.  543 
regulating  valves,  437 
solution.  200.  701,  704 
steel,  530 

for  rain  water,  04.'> 
,     rivets.  ,531 

sodium  chloride,  637 

specifications,  530 

standard,  dimensions,  539 
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Tanks,  steel,  m.  wood,  540 

towcu:  columns,  532,  530 

wooden,  540 

dimensions,  542,  543 
hooiis.  540,  541,  544 
specifications,  542 
o«.  steel,  540 
Tannin  extract,  water  softening,  721.  722 
Tar  coating,  concrete  surfaces,  642 

pipes,  310 
Taste  (water)  boiled,  713 

chlorine  treatment,  714 

from  iron  bacteria,  707 

reservoir  stripping,  107 
Tec.  standard  flanged.  341,  380 

split,  wood  stave  pipe,  368 
Temper  screw,  well  sinking,  218 
Temperature,  alge  afifccted,  201 

altitude  effect,  6 

American  cities,  8,  627 

bacteria  number  affected,  201,  660.  705 

concrete  affected.  120.  121.  272 

evaporation  affected,  28,  33 

flow  relation,  ground  water,  70 
pipes,  557 

Sound  water,  70,  646 
kes,  average,  686 
classification,  677 

masonry,  cracks,  272,  28Q 
stresses,  120,  124 

rainfall  and  run-off  relation,  44 

reinforcement,  dams.  122,  183 

southwest  U.  S..  22 

steel  pipes  affected,  330,  358 

stored  waters,  686 

subsidence  time  affected.  686 
Terminal  curtain,  overflow  dam,  154 
Test  day,  780 

Thermocline,  reservoirs,  682 
Thermometers,  electric,  122 
Thermometry,  lake,  676 
Thermophones,  121,  676 
Thread,  acme,  446 

screw,  U.  S.  standard,  536 
Thrust  bearings,  centrifu^  pumps,  488 
Tile,  pipe  lining,  325 

roof,  gate  nouses,  205 

underdrains,  capacity,  736 

well  casing,  241 
Till,  water-bearing,  76 
Timber,  decay,  361 
Time,  fUlini^  water  main,  581 
Timing  device,  automatic  feed,  710 
Tin.  corrosion,  200.  617 
Tompions.  wood  pipe  laying,  368 
Tool,  calking,  400 

fishing,  wells.  231 

lost,  wells,  218,  230' 

string,  well-sinking,  217 

yarning,  400 
Top  soil,  seeding,  113 

stripping,  103,  670 
Towers,  water  tanks.  532,  530 
Tractors,  stump  pulling.  106.  107 
Traffic  on  lakes,  water  purity,  673 
Transition  sone.  reservoirs.  682 
Transmission  constant,  ground  waters.  83 
Transpiration,  38,  47 

Transportation,  sediment,  48,  110,  213,  232 
Trap-door,  stocl  tanks.  532 

sand,  on  scree n«»,  203^ 
Trapexoid.  center  of  gravity,  136 

centroid.  position.  131 

channel  section.  261 

moment  of  inertia,  137 
Trapexoidal,  law,  pressures,  127 

weir,  601 
Trees,  reservoir  margins.  111,  681 

planting,  HI,  112 
Trench,  for  cast-iron  pipe,  304 

for  steel  pipe,  331 

for  machine-made  wooden  pipe,  367 
Trestle,  laying  pipe,  405 
Triangular,  profile,  arched  dam,  138 

weir.  600,  708 
Trickier,  deferrization  plant,  732,  733 


Trickier,  interchange  of  gases,  601 
Trimming,  tunnels,  282 
Triplex  pump,  407 

Trisodium  phosphate,  water  softening,  722 
Truck  loads,  valve  chambers,  641 
Tubercles,  formation,  322 
Tuberculation.  reinforcing  steel.  378 
Tubes,  corrosion,  wells.  223,  300,  655 

capillary,  flow,  exponential  formula,  550 
Hasen's  formula.  605 
^  viscosity  effect,  79,  80 

picsometer,  Veiituri  meter,  455 

seamless  steel,  340 
Tufa  cement,  608 
Tunnels,  aqueduct,  281-200 

concrete  lining,  283-280 

grade.  282 

{(routing.  284,  285,  613 

intake,  01 

lead  lining,  281.  201 

leakage,  288 

pressure,  282-280 

reservoir  outlet,  200 

shafts,  281.  286,  287,  280 

unlined,  erosion,  600 
vs.  lined,  capacity,  200 
Turbidity,  788.  700 

coefficient,  50 

choice  of  filter,  734,  746 

removal,  coagulants  required,  608,  600 
cost,  771,  782 
sedimentation,  688 

river  waters,  40,  664,  665 

sand,  730 

tests,  form,  774,  775 

typical  analyses,  068-671.  801 
Turbines,  centrifugal,  wells,  241 

compound  impulse.  476 

hydraulic,  supply  pipe  losses,  580 

impulse  reaction,  476 

meter,  456 

pumps,  485 

steam,  475-484  (for  subdivisions.  Bee  8team 
turbines). 
Typhoid,  bacillus.  viUlity,  672,  681 

fever,  death  rates,  785 
water-borne,  672 

U 

Ultra-violet  rays,  steriliser,  715 

Umbrella  well  head.  245,  246 

Underdrains,  rapid  sand  filters,  740,  751 
slow  filters.  736 

Underflow,  valley,  654 

Underground  waters  («f>^  Ground  waters). 

Undcrsluices,  silt  removal.  111 

Uniformity  coefficient,  sand,  81,  730 

U.  S.,  cold  periods.  035 

population  using  filtered  water,  735 
Ileclamation  Service,  open  channels,  262 
Standard  flanged  fittings  and  flanges,  380 
Weather  Rureau,  evaporation  studies,  30 
rain  gage,  2 

Universal  cast-iron  pipe,  380 

Unwin,  dam  studies,  134 

Upsets,  bars,  standard,  536 


Vacuum,  dome  dam,  142 
overflow  dam,  115,  158 
suction,  equivalents,  625 
valve,  431 
Valves,  air.  430 

discharge  experiments,  432 
discharge,  on  mains,  581 
pipe-lines,  410 
sise,  587 

spacing,  cast-iron  pipe,  304 
wooden  pipe.  359,  301 
balanced,  niter  control,  768 
blow-off,  location,  410 
bolt  lugs  and  bosses,  370 
by-pass,  420 
central  control,  440 
chamber  covers,  loads,  641 


822 


INDEX 


Valves,  ehattering,  424 
check,  441 

cylindrical  gate  valves,  424 
disk,  stress,  424 
distribution  system,  sises,  429 
double-gate  straightway,  428 
drain,  chambers,  292 
drip,  hydrant,  446,  449 
electric  operation,  426,  440,  752 
filter,  distant  control,  762 
flap,  442 
foot.  440 

openings,  470 

pump  suction,  494 
gates.  420 

area  of  opening,  421 

cylindrical,  424 

loss  of  head.  683,  604 

instant  closure,  593 

power  to  open,  425 

standard,  428 

geared.  420 
ydrant,  446 

hydraulic  lift,  426 

loss  of  head,  683,  604 

life,  639 

operation.  410,  440,  762 

pressure-reflating,  432-439,  442,  495 

rate  of  closing.  693 

safety,  boilers,  608 

seats,  bronse.  specifications.  615 

slide.  du|>lcx  pumps,  473 

specifications,  420 

standard,  makers.  420 

steel  pipe  connections,  330 

stem.  421 

for  superheated  steam*  380,  506 

testing.  421 

throttling.  424 

vacuum,  431 

weight,  420 
Vanes.  difTuBion,  centrifugal  pumps,  487 
Van  Stone  joint,  340 
Vapor,  water,  max.  tension.  37 
Vegetable  acids,  694  ^ 
Vegetation,  evaporation,  39 

relation  to  water-table,  73 

water  affected,  97 
Velocity,  bouldere  transported  by  flood,  48 

computing,  streams,  68 

critical,  streamH,  109 

in  distribution  systems,  576,  583,  586 

equivalents,  624 

flow  through  porous  medium,  78-84,  747 

measurements,  ground  water,  74,  85 
streams,  67-72 

optimum,  wash  water,  704 

pipe  size  and  discharge,  551 

safe,  erosion  prevented,  109,  261,  262 

settling  chamber,  86 

stream,  variation,  68 
Ventilation  openings,  well  top,  655 
Vents,  air,  aqueducts,  295 
Venturi  meterp.  451-456 

automatic  chemical  feeds,  702 

chlorine  feed,  706 

loss  of  head.  452,  583 

rapid  sand  filters,  control,  757,  761,  768 

register.  451,  706 

slow  filter  regulation,  748,  766,  767 
Verdigris,  617 

Vessels,  speed  in  canals.  261 
Vines,  highway  cuts,  112 
Viscosity,  coefficient,  ground  waters,  78,  79 
Voids,  determination.  80,  742 
Volume  per  acre,  water,  700 
Volume  and  density  relation,  water,  643 

W 

Walls,  baffle,  settling  basins,  108 

core,  198-203 

cut-off,  tunnels,  285 

stone,  on  reservoir  site,  103,  105 
Walt  ham  stand  pipe.  ,')24.  527,  528 
Wash  water,  conduit,  746 

cost.  770 

optimum  velocity,  764 


Wa«h  rapid  sand  filters,  763,  768 
Blow  filters,  748,  770 
velocity  and  head  loss,  751- 
Waste  weirs,  aqueduct,  278 

reservoirs,  98-104,  lfiB-161 
Water,  sir  in,  590 
aoalvsis,  786 

bibliography,  708 

comparative,  801 

forms,  774 

ss.  ice,  667 

interpretation  of  results,  798 

Iirecision,  780 

unnecessary  work,  773 

various  waters.  668-671 
M>pearance,  satisfactory,  735 
-DMuing  £eol«Ky,  75 
boiled,  taste,  713 
boiling  point,  509,  643 
-borne  diseases,  672 
bottled.  784 

sterilised,  715 
bulk  modulus,  592,  594 
character,  643,  653 
collection.  89 
colored  («e«  Color), 
consumption,  545 

domestic.  Ohio  cities,  416 

engines.  466.  510,  545 

excess  v«.  average,  518 

foreign  cities,  550 

metered,  411,414-416 

unaccounted  for,  414.  475 

U.  8..  645 
control,  dam  construction,  162 
cost,  640 

cost  per  capita,  784 
cushion,  overflow  dams.  158.  159 
decolorisation  (ser  Color,  removal), 
density.  643 

descent  of  materials,  109 
dirty,  pumping,  247 
drop.  623 

equivalent  quantities,  623.  628,  629 
eroding  power,  110,  261,  609,  641 
examination,  786 

bacteriological.  795 
feed,  hard,  remedies,  717 

heating,  506 

softening,  696,  718 

temperature  and  vacuum.  510 
filtered,  cost,  783,  784 

population  supplied.  735 

reservoir.  737,  738 

safety,  735,  784 

r«.  wells,  74 
flow  («c^  Flow), 
freezing,  in  pipes,  410 

point,  643 
general  properties,  643 
ground,  73-88,  {are      Subdivisions      under 

Ground  water), 
hammer,  in  pipes,  592 

thickness  of  c.  i.  pipes,  385 

stand  pipes,  prevention,  593 
hard.  716 
hardness.  716.  717 

determination,  790 

equivalent  degrees.  709,  717,  791 

polluted  waters,  801 

source,  716 

temporary,  694 

test,  780,  790,  800 

wholesome  waters.  801 
horse-power.  459.  629 
hot,  metering,  456 

plumbing  corroded,  773 

pump  size.  469 

pumping,  472,  494 

softening.  722 
hygroscopic.  38 
index  of  frequency,  659 
level  recording  apparatus,  639 
light  absorbed,  644 
measures,  equivalents,  628 
measurement,  pump  tests,  489 
meteoric,  644 
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Water.  moduluB  of  elasticity,  502,  504 
polluted,  analysiB,  801 
poUutioo,  bacteria  as  index,  705 
power,  calculating,  625 
pressure,  625,  626 
pure,  properties,  643  * 

purification,  cost,  782,  784 

natural,  75,  648 

efficiency,  781 
quality,  cost,  relation,  630 
quantity,  conversion  tabla,  623,  628,  620 
salt,  weight,  626,  628 
samples,  788 
sampling,  773 

frequency,  780 
and  sand,  now,  743 
sea,  analysis.  671  • 

oxygen,  solubility,  704 

weights,  626,  628 

well  interference,  230,  238 
soft,  coagulation,  602 

lead  pipes,  618 
softening.  716-728 

barium  carbonate,  607,  720 

boiler  feed  water,  606,  718 

caustic  soda,  606,  721 

chemicals,  quantity  required,  710 

coagulation,  710,  721,  765 

cost,  725 

filtration,  control,  765 

lime-soda  process,  718,  710,  723 

plants,  722.  765 

processes,  718-728 

railroads,  727 

results.  727.  728 

soda  ash,  606,  721  « 

temporary  hardness,  604 

typical  plants,  765 

weighing  devices,  710 
solvent  action  increased,  648 
spring,  analysis,  670,  801 

bacteria,  651 

bottled.  652.  784 
storage,  bacteria  affected,  07.  681 

chlorine  compounds  reduced,  714 

color  removal,  676,  678,  680 

deferrisating  process,  732 

filtered  waters,  683 

flashboards.  101 

pound  waters,  88,  522,  683 

long,  results,  672 

micro-organisms  affected,  682 

organisms  affected.  107,  676.  682 

quality  improved.  670 

reservoirs,  03-07,  104,  114 

sedimentation,  684 

time,  680 
stored,  index  of  frequency,  660 

temperature,  686 
stops,  aqueduct  joints,  274,  275 
supplies,  B.  coli  present.  787 

sources,  inspiration,  672 
surface,  albuminoid  ammonia,  700 

analysis,  sampling,  788 

bacteria,  660 

filtration  rates,  747 

odors,  665 

organic  matter,  657 

storage  required,  676 

for  Bupply,  656 

typical  analjrsis,  801 
surfaces,  evaporation,  30,  34-36 
teble,  73 

lowered,  legal  redress,  230 
taste,  boiled.  713 

chlorine  treatment,  714 

from  iron  bacteria.  707 

reservoir  stripping,  107 
temperature,  in  aqueducts,  276 

standpipes,  .528 

monthly,  30 
transporting  power,  48,  110,  213,  232 
treated,  B.  coli  present,  787 
treatment,  chemical,  601-715 

cost  per  mg..  711,  784 
underground,  (»««  Ground  waters). 


Water  vapor,  max.  tension,  37 
varieties,  644 
volume,  643 

weight,  equivalents,  628 
well.  670,  700,  801 
year,  3 
Watering  station,  public.  400 
Waterproofing  concrete,  523,  610 
Watersheds,  average  rainfall,  6 
development,  93-114 
forestation.  111 
overflow  prevented,  97,  104 
physical  data,  47 
rules  and  regulations,  673 
run-off  (»e*  Run-off), 
sewage  disposal,  673,  674 
small,  run-off,  26.  44 
swamp  drainage.  679 
yield,  40-48,  03 
Waterworks,  appraisal.  630 

structures,  earthquake  effects,  125,  637 

life.  630 
superstructures,  cost,  294 
Watt-meter,  testing  centrifugal  pumps,  480 
Wave,  action,  slopes,  108,  205,  214 
canals,  266 

pressure,  pipe  lines,  504 
Weber  air-lift  svstem,  255 
Wedge-rod  method,  well  drilling.  221 
We-Fu-Go  system,  water  softening.  722 
Weights,  atomic.  667 
Weir,  (dam)  diversion,  153 
Weirs,  (water  measurement)  507-602 
box,  508 
Sutro,  704 

trapesoidal.  discharge.  601 
rectangular,  discharge,  101.  102,  508 
triangular.  600.  708 
waste,  aqueduct,  278 

reservoirs,  08-104,  158-161 
Welded  steel  plate  pipes,  347 
Wells,  217-255 

arrangement,  233 
artesian.  75.  655 
back-blowing,  253 
casings,  240 

California,  222 

corrosion,  240 

cutter,  231 

dimensions,  347 

durability,  223,  300 

sinking,  220 
contamination,  77,  656,  675 

distance,  648 

odor,  646,  665 
covers,  240,  654 
crowded  districts,  74 
curbs,  240,  654 
deep,  bacteria,  650 

free  ammonia,  648 

nitrogen,  648 

pumping,  246,  250 
depth,  measured,  237 

necessary,  75 
drainage,  masonry  dam,  164 
draw.  055 

drilling,  cores.  217.  226 
driven,  objections.  230.  241,  654 
dug.  large.  230 

M  driven,  safety.  241.  654 
farmyard,  bacteria,  650 
fitting,  242 
flow,  75,  232,  234 
horisontal,  655 
hydraulics.  232 

va.  infiltration  galleries,  256,  250 
interference,  76,  234 
leaks,  240 
lining,  054 

lost  supplies  restored,  238 
oil,  sinking,  217 
pipe,  couplings,  220 
.  flow,  234 
piping,  244,  253 
pollution,  77,  656,  675 

distance,  648 
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Wells,  pollution  odor,  M6,  605 
protection,  240,  654 
pumpa.  241,  497 

hot  air  engines,  497,  498 
waste  water,  655 
screens,  239 

air-lift  pumps,  253 
bored  wells,  228,  229 
closKing.  238,  253 
hydraulic  requirements,  234 
hydraulic  rotary  wolls,  225 
natural,  223 
sea-water  infiltration,  230,  238 
sinkine,  California  method,  217,  222 
chilled  shot  methotl,  227 
methods,  217-230 
precautions,  227 
tools,  217 
spacing,  233 
specefic  capacity,  234 
suction  limit,  229 
supply  increased,  227 
tostmg.  235 

air  lift,  247-251 
tubes,  corrosion.  223,  300,  655 
water,  analysis,  670,  801 
chlorine,  238 
free  ammonia,  799 
yield,  234 

increased,  223 
Westerly  standpipe,  520,  527,  528 
Westinghouse  steam  turbines,  477 
Weston,  E.  fi.,  flow  formula,  563 
Wet  connections,  pipoii,  408 
Wheeler  filter  bottom.  752,  754 
Whitewash,  rust  inhibitive,  318 
Wiesbaden  subterranean  galleries,  88 
Wilcox  intake  pipe,  91 
Wind,  currents,  lakes,  678 

factor,  evaporation,  29,  30,  33 
pressure,  cnironeys,  516 

dams,  116 
velocitios,  Amcriron  ritios,  627 
hipht  of  nn'Utjuriiig,  30 
Windmillh.  503 

Wiinlows,  gatt'-houHO,  srrociis,  20') 
WircH,  r*.  bands,  woodrn  pipe,  3()0 
clip,  wooden  pi|M'.  308 
Hizc  and  8tr«'n«th.  370 
Woocion  pip<*.  3.V.)  371 
ban(lin);,  woiKlit,  371 
bands,  3()2,  304,  360 
horod,  3*i0 

TA.  0.  i..  capacity,  30(> 
('.  i.  »p<'cial8,  304,  370 
coat  inn.  304,  305,  370 
continiiouH  Htave,  359-363 
coupliiifCH,  370 
curves,  365 


Wooden  jiipe,  deflections,  365 

in  distribution  Bysieme.  365.  3^1 

durability,  360 

earthwork,  359 

economic  proportions,  360 

elbow,  365 

fittings,  364,  366 

flow,  571-576 

M.  c.  i.,  366 

exponential  formula,  557 

increase  with  age,  366 

99.  steel,  366 

velocity,  371 
Joints,  364,  368 
laving,  367 
life,  639 

machine-banded,  359,  363-371 
90"  bends,  369 
notable  installations,  371 
service  connections,  365 
special  castings,  364,  370 
specifications,  363 
««.  steel,  359 
Wool,  lead,  400 
Wrought-iron,  corrosion,  618 
durability,  plates,  301 

v«.  steel,  301,  313,  621 

submerged,  622 

well  casing.  223,  300 
pipe,  coating,  322 

dimensions  and  weight.  345.  346 

galvanised,  standard.  344 

fife,  639 

riveted.  300,  351 

rivets,  351 

salt  enarshes,  407 

specifications.  344,  350 
plates,  defects,  300 

inspection,  300,  350 


Y-branch.  bosses  and  lugs.  379 

standard  flanged.  341.  3M) 
Yarn.  c.  i.  pipe  joint,  3'jy 
Yarning  tool.  400 
Year,  run-off.  3 

water,  3 
Yield,  ground- water.  74 

watershed,  40.  41-48,  93 

wells,  223,  234 


Zinc,  corrosion,  617 
poiKoning.  801 

ZoncH.  ground  water.  05.3 

masonry  dam.  detiign,  126 
transition  reservoirs,  682 


